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FOREWORD 


The formation of scientific psychialry at the end of the 
eighteenth century and its progress in the nineteenth cen- 
tury were determined, in the main, by the cnormous in- 
fluence of materialist philosophy and developing natural 
science. 

In France, as a direct effect of ihe ideas of the brench 
materialist Enlighteners, psychiatry was developed on a 
materialist basis by such prominent physicians of that time 
as Philippe Pinel and Jean-Etienne Lsquirol. 

Wilhelm Griesinger, the founder of German scientific 
psychiatry, averred that mental diseases were diseases of 
the brain and held that mental activity was reflex activity, 

Interpreting mental activity, in both ils normal and 
pathological manifestations, from the materialist point of 
view, Henry Maudsley, a well-known British psychiatrist, 
elaborated, in application to psychiatry, Charles Darwin's 
‘ideas of the evolution of the organic world. 

Last, but not least, it should be observed that, Benjamin 
Rush, the founder of American psychiatry, progressive 
Scientist and one of the signers of the Declaration of Inde- 
pendence, was even persecuted for his materialist views in 
the field of psychiatry. 

Developing along these materialist lines, scientific 
psychiatry al the end of the nineteenth century joined 
general medicine in interpreting and classifying mental 
disorders. Thanks to the studies of the outstanding German 
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psychiatrist Emil Kraepelin and the eminent Russian psy- 
chiatrist Sergei Korsakov, psychiatry was able, like general 
medicine, to adopt the clinico-nosological principle of 
dividing the mental disorders into separate clinico-nosolog- 
ical unities. On a broad biological basis and by various 
general clinical, as well as Clinico-laboratory, methods 
(biochemical, pathoanatomical, etc.) of studying mental 
patients, different mental diseases, well known to mod- 
ern psychiatrists, were identified and comprehensively 
described. Side by side with the materialist tendencies in 
psychiatry there were also idealist trends. Of the latter, the 
theory of psychoanalysis developed by the Viennese physi- 
cian Sigmund Freud acquired particular importance, espe- 
cially since this conception had been exported at the turn 
of this century to the United States of America. 

In our days the Freudian idealist interpretation of the 
causes and mechanisms of mental disorders has been 
modernised in the form of various trends of psychody- 
namic, “depth” psychology. This “depth” psychology finds 
different manifestations in different countries. In ihe U.S.A, 
in addition to psychoanalysis formulated in its initial form 
by Freud himself, Neo-Freudian “socio-cultural” concep- 
tions of Horney, Sullivan and Fromm have of late gained 
particular currency. Side by side with Carl Jung’s “depth” 
psychology, existential analysis, particularly vigorously 
propagandised by L. Biswanger, has won great influence in 
West Germany and, especially, in Switzerland. In France 
the psychiatrists Pierre Aboulker, Ch. Brisset, L. Chertok, 
M. Sapir et al., grouped around the journal Revue de me- 
dicine psychosomatique and the Society of Psychosomatic 
Medicine, are developing the Neo-Freudian conceptions of 
the psychosomatic and “socio-cultural” trend of American 
psychiatry. 

The proponents of Neo-Freudism and individual “depth” 
psychology also actively oppose the application of the clin- 
ico-nosological principle in psychiatry. The prevalence of 
the afore-mentioned idealist, subjective-psychological prac- 
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tices in modern psychiatry is responsible for the deep ideol- 
ogical crisis experienced by psychiatry in Western Europe 
and the U.S.A. today. A very brief analysis of this ideolo- 
gical crisis warrants the following conclusions. 

There is a clear discrepancy between the aforesaid trends 
in modern psychiatry and its practice, especially in the 
field of therapy of mental diseases. 

From the point of view of therapy psychoanalysis has 
clearly revealed its practical barrenness. Meantime, the 
1920s-1930s saw the beginning of active biological therapy 
of psychoses. Its most important achievements have been 
insulin shock therapy (Sakel), prolonged sleep treatment 
(Klasi et al.), and convulsive therapy (Bini, Cerletli and 
Meduna). Of late, so-called psychopharmacology has as- 
sumed particular significance. One of the most important 
landmarks in its development was the treatment of mental 
patients with neuroleptic agents by the French scientists 
Delay and Deniker in the beginning of the 1950s, The enor- 
mous successes and exicnsive spread of chemotherapy of 
mental diseases have increasingly shown the total unten- 
ability of the psychoanalytical conceptions which refuse to 
recognise mental disorders as a result. of pathological 
changes in the brain. 

Psychoanalysis has also been unable, in any of its var- 
ieties and modifications, to explain scientifically the 
mechanisms of therapeutic action of the “psychotropic” 
agents and to use these data for a theoretical interpreta- 
tion of the origin and essence of mental disorders. In view 
of this, modern psychiatry has revealed a tendency to 
diverge from the idealist, subjective-psychological inter- 
protations of mental pathology and to adopt a scientifically 
substantiated physiological explanation of the causes and 
essence of psychopathological phenomena. This has, nat- 
urally, enhanced the interest of progressive modern 
psychiatrists in studying and elaborating the ideas of the 
great Russian physiologist I. P. Pavlov in the field of 
pathophysiology of different mental disorders, Pavlov’s 
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materialist teaching on higher nervous activity has made 
it possible to apply the objective method of research also 
to the field of psychiatry. It has paved the way to 4 con- 
sistent study of the material substrate of mental diseases 
and has enabled psychiatrists to discover the regularities 
underlying the mental disorders. =, 

Individual, as well as groups of, psychiatrists who re- 
cognise Pavlov’s physiological teaching on higher nervous 
activity as the theoretical basis of modern psychiatry have 
now appeared in a number of countries. The growing ten- 
dency to find a way out of the ideological crisis in modern 
Western psychiatry through a revision of the latter on the 
basis of Pavlov’s physiological teaching on higher nervous 
activity has likewise found its reflection in the Pavlovian 
Conference called by the New York Academy of Sciences 
(October 1960). 

However, many psychiatrists in West European countries 
and in the U.S.A. are unable to satisfy their interest in 
Pavlov’s teaching and in his conceptions in the field of 
psychiatry and psychopathology. This is due, in particular, 
to the fact that no special editions of Pavlov’s works on 
questions of psychiatry have been published in these coun- 
tries. It is the aim of the present edition to make up for 
this deficiency. 

The present edition of Pavlov’s selected works dealing 
with problems of psychiatry is an English translation of the 
considerably enlarged collection of his works entitled 
Psychopathology and Psychiatry and published under the 
editorship of L. Orbeli by the U.S.S.R. Academy of Medical 
Sciences on the occasion of the 100ih Anniversary of 
Pavlov’s birth. 

The book is a collection of Pavlov’s papers written at 
different times and offering a physiological interpretation 
of various psychopathological symptoms, syndromes and 
mental diseases, especially so widespread a disease as 
schizophrenia. The book also contains Pavlov’s articles 
which throw light on his teaching on types of nervous sys« 
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tems and experimental neuroses. These articles are very 
important for understanding the pathogenesis of various 
psychogenic disorders, reactive states, neuroses and 
psychopathias, i, problems of so-called borderline 
psychiatry. 

Some of Pavlov’s articles published in the present edition 
deal with various aspects of his physiological teaching on 
higher nervous activity, particularly his conceptions of 
inhibition, sleep and hypnosis, with which the reader must 
familiarise himself to gain a better insight into his point of 
view on the physiological bases of mental disorders. 

Pavlov’s articles published in this collection were tran- 
slated from the Second Edition of his Complete Works 
(U.S.S.R. Academy of Medical Sciences Publishing House, 
Moscow and Leningrad, 1951). The works are arranged 
chronologically, as they appeared in print. This arrange- 
ment will enable the reader to trace the evolution of his 
views on the various questions treated in the book, 

As an afterword the book contains two articles contribbut- 
ed by its compilers. Y, Popov’s article gives a general 
appraisal of the significance of Pavlov’s works in the field 
of psychiatry. L. Rokhlin’s article deals with Pavlov’s con- 
ception of schizophrenia. 

The book is supplied with notes compiled by Rokhlin, 
which, in addition to bibliographical references and com- 
ments on Pavlov’s works in the scientific press, include 
some of his statements made at “Pavlovian Wednesdays”, 
the regular scientific conferences of his laboratory staffs 
(“Paviovian Wednesdays”, Volumes I-IJI, Moscow and 
Leningrad, 1949, Russ. Ed.). 

The compilers of this edition hope that it will attract the 
attention of psychiatrists, neuropathologists, psychologists, 
physiologists and whoever else wishes to gain a deeper 
insight into the problems of psychiatry from the standpoint 
of the physiological teaching on higher nervous activity. 


Y¥. Popoy and L. Rokhlin 


PSYCHOPATHOLOGY 
and 


PSYCHIATRY 


EXPERIMENTAL PSYCHOLOGY 
AND PSYCHOPATHOLOGY IN ANIMALS! 


Regarding the language of facts as most eloquent, I shall 
take the liberty of proceeding directly to the experimental 
material, which gives me the right to speak on the subject 
of my present communication. 

To begin with, this is the history of the transition of the 
physiologist from research into purely physiological prob- 
Jems to the sphere of phenomena usually called psychical. 
Although this transition took place suddenly, it occurred 
in a perfectly natural way, and what scems to me most 
important in this respect, without changing the, so to 
speak, methodological front. 

In studying over a period of years the normal working of 
the digestive glands, and analysing the constant conditions 
of this work, I came upon conditions of a psychical charac- 
ter, which, incidentally, had been observed by others he- 
fore me. There were no grounds for neglecting these con- 
ditions, since they participated constantly and prominently 
in the normal physiological process. I was obliged to in- 
vestigate themif I wanted to make a really thorough study 
of my subject. But how? All that follows in my exposition 
supplies the answer to this question. 

From all our material I shall select only the experi- 
ments with the salivary glands—organs which apparently 
play a very insignificant physiological role; however, I am 
convinced that they will become classical objects for the 
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new type of reséarch about which I shall have the honour 
of telling you today; part of this research has already been 
carried out and part is in the planning stage. 

In observing the normal working of the salivary plands 
one cannot but be amazed by the high degree of their 
adaptability. 

Give the animal dry, hard food substances and there will 
be an abundant salivary secretion—give it liquid food and 
the secretion will be much smaller. 

It is obvious that for the chemical testing of the food, 
for mixing it and converting it into a lump to be swallowed, 
water is required—and the salivary glands supply it. From 
the mucous salivary glands there flows for every kind of 
food, saliva rich in mucin—a lubricating saliva, whieh fa- 
cilitates the smooth passage of the food into the stomach. 
All highly irritant substances, such as acids, salts, etc., also 
produce a salivary secretion which varies in accordance 
with the strength of their stimulating action; clearly, as we 
know from everyday experience, the purpose of this secra- 
tion is to neutralise or dilute the substances and to cleanse 
the mouth. In this case the mucous glands secrete fluid 
saliva containing little mucin. For what would be the pur- 
pose of the mucin here? If pure insoluble quartz pebbles 
are placed in the mouth of a dog it will move them around,: 
try to chew them, and finally, it will drop them. There is 
either no secretion of saliva at all, or at most two or three 
drops flow out. Again, what purpose would the saliva 
serve here? The pebbles are easily ejected by the animal 
and nothing remains in the mouth. But if sand is placed in 
the dog’s mouth, i.e., the same pebbles but in pulverised 
form, there will be an abundant flow of saliva. It is clear 
that without saliva, without fluid in the oral cavity, the 
sand could neither be ejected, nor forwarded io the 
stomach, 

Here we have exact and constant facts—facts which 
seem to imply intelligence. But the entire mechanism of 
this intelligence is absolutely plain. On the one hand, 
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physiology has long known about the centrifugal nerves 
of the salivary glands, which now chiefly cause water to 
enter into the saliva, and now accumulate in the saliva 
special organic substances. On the other hand, the internal 
lining of the oral cavity consists of separate areas which 
act as receptors of different special stimuli—mechanical, 
chemical, thermal. Moreover, these stimuli may be further 
subdivided, the chemical, for example, into salts, acids, 
etc. There are grounds for assuming that the same thing is 
true of the mechanical stimuli. It is in the areas acting as 
receptors of special stimuli that the specific centripetal 
nerves have their origin. 

Thus, the reactions of adaptation are based on a simple 
reflex originated by definite external conditions acting only 
on certain kinds of centripetal nerve endings; from here 
the excitation passes along a definite nervous path to the 
centre, and thence, also along a definite path, to the sali- 
vary gland, evoking its specific function. 

In other words, this is a specific external agent evoking 
a specific reaction in living matter. At the saine time we 
have here a typical example of what we call “adaptation” 
or ‘‘fitness’”’. Let us dwell for a moment on these facts and 
terms, since they play, obviously, an important role in 
modern physiological thought. What, exactly, is the fact 
of adaptation? It is, as we have just seen, simply the exact 
co-ordination of the elements making up a complex system 
and of the entire complex with the surrounding world, 

But the same thing can be observed in any inanimate 
object. Take, for example, a complex chemical object. This 
object exists thanks to equilibration between its separate 
atom8 and groups, between the object as a whole and the 
surroundings. 

In exactly the same way the immense complexity of the 
higher and lower organisms exists as a whole so long as 
all its constituents are delicately and strictly co-ordinated 
and equilibrated both with one another and with the exter- 
nal conditions. 
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‘The analysis of the equilibration of this system is the 
prime task and aim of, physiological investigation as purely 
objective investigation. There can hardly be two opinions 
on this point. Unfortunately, so far we have no purely 
scientific term to denote this fundamental property of the 
organism, its external and internal equilibrium. Many 
people hold that the terms now in use—fitness and adapta- 
tion (despite their natural-scientific, Darwinist analysis) 
—hbear the stamp of subjectivism, which leads to misunder- 
standing in two opposite directions. The rigid adherents of 
the physico-mechanical theory of life see in these words 
an anti-scientific tendency—a retreat from pure objectivism 
to speculation and teleology. On the other hand, philo- 
sophically inclined biologists see in every fact relating to 
adaptation and fitness proof of the existence of a special 
vital force, or, as-it is now more and more often called, 
spiritual force (vitalism, apparently, gives way to animism), 
which defines its own goal, chooses its means, adapts itself, 
etc. 

And so, in the afore-mentioned physiological experi- 
ments with the salivary glands we, in our investigation, re- 
main strictly within the bounds of natural science. We 
shall now pass to another sphere of phenomena which, it 
would seem, belong to quite a different category. 

All the foregoing objects, which, after being placed in 
the mouth, influenced the salivary glands in different and 
at the same time definite ways, exert on these glands 
exactly the same action, at least qualitatively, when placed 
at a certain distance from the dog. Dry food produces much 
saliva—moist food only a little. A thick, lubricating sali- 
va flows from the mucous glands to the food substances, 
- Various inedible irritants also produce secretion from all 
the glands, including the mucous glands. But it is fluid and 
contains but a small amount of mucin. Pebbles, when 
shown to the animal, have no effect on the glands, while 
sand evokes profuse salivation. These facls were parily 
obtained and partly systematised in my laboratory by Dr. 
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5. G. Wolfson. The dog sees, hears, and smells all these 
substances, pays attention to them, rushes to them if edible 
or agreeable, but turns away from them and resists their 
introduction into the mouth when disagreeable. Everybody 
would say that this is a psychical reaction, psychical stimu- 
lation of the animal’s salivary glands. 

How should the physiologist regard these facts? How 
can he establish them? How to analyse them? What are 
they compared with physiological facts? What are their 
common features and in what way are they distinguished 
from one another? 

Must we, for the purpose of getting to know the new 
phenomena, penetrate into the inner stale of the animal, 
visualise its feelings and desires in our own way? 

It seems to me that for the naturalist there is only one 
answer to the last question—an emphatic ‘No’. Where is 
there even the slightest indisputable criterion that our 
conjectures are correct, that we can, for the sake of a 
better understanding of the matter, compare the inner state 
of even such a highly developed animal as the dog with our 
own? Further: Is not the eternal sorrow of life the fact 
that in most cases human beings do not understand cach 
other and cannot enter into the inner state of the other? 
And then, where is the knowledge, where is the power of 
knowledge that might enable us correctly to comprehend 
the state of another human being? At first, in our psychical 
experiments with the salivary glands (for the time being 
we shall use the term “psychical’’), we conscientiously en- 
deavoured to explain our results by imagining the subjec- 
tive stale of the animal. But nothing came of this except 
sterile controversy and individual views that could not be 
reconciled. And so we could do nothing but conduct the 
research on a purely objective basis; our first and especially 
important task was completely to abandon the very natural 
tendency to transfer our own subjective state to the 
mechanism of the reaction of the animal undergoing the 
experiment and to concentrate instead on studying the 
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correlation between the external phenomena and the reac- 
tion of the organism, ie., the activity of the salivary glands, 
Reality had to decide whether elaboration of the new 
phenomena was possible in that direction. I make bold to 
say that the following account will convince you, as I am 
convinced, that a boundless field of fruitful research opens 
before us in the given case; it is another and immense part 
of the physiology of the nervous system, a system which 
mainly establishes the correlation not between the separate 
parts of the organism, our main subject so fur, but between 
the organism and the surroundings. Unfortunatcly, to date 
the influence of the surrounding world on the nervous 
system has been studied mainly in relation to subjective 
reactions—the content of the modern physiology of the 
sense organs. 

In our psychical experiments we have before us definite 
external objects, exciting the animal and evoking in it a 
definite reaction, in the given case—secrction of the sali- 
vary glands. As has been said, the effect of these objects 
is substantially the same as in the physiological experi- 
ments, when they come into contact with the oral cavity. 
Consequently, we have before us simply further adapta- 
tion—the object acts on the salivary glands the moment it 
is being brought close to the mouth. 

What are the specific features of these new phenomena 
compared with the physiological ones? Above all, the dif- 
ference seems to be that in the physiological form of the 
experiment the substance come into direct contact with 
the organism, while in the psychical form it acts from a 
distance. But this circumstance in itself, if we reflect on it, 
does not, obviously, signify any essential difference be- 
tween these, in a way specific, experiments, and the purely 
physiological ones. The point is that in these cases the 
substances act on other special receiving surfaces of the 
body—nose, eye, ear—through the medium in which both 
the organism and the stimulating substances exist (air, 
ether), How many simple physiological reflexes are trans- 
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mitted by the nose, eye and ear, that is, originate at a 
distance! IIence, the essential difference between the new 
phenomena and the purely physiological does not lie here. 

It lies much deeper, and should be sought, in my view, 
in a comparison of the following facts. In the physiological 
case the activity of the salivary glands is connected with 
the properties of the substance on which the effect of the 
saliva is directed. The saliva moistens dry substances and 
any ingested material; it neutralises the chemical effect of 
the substances. These properties constitute the special 
stimuli of the specific mouth surface. Consequently, in the 
physiological experiments the animal is stimulated by the 
essential, unconditioned properties of the object in relation 
to the physiological role of the saliva. 

In the psychical experiments the animal is excited by 
the properties of the external object, which are unessential 
for the activity of the salivary glands, or even entirely 
accidental. The visual, acoustic and even purely olfactory 
propertics of our objects, when they are present in other 
objects, do not of themselves exert any influence on the 
salivary glands which, in their turn, so to speak, have no 
business relations with these properties. In the psychical 
experiments the salivary glands are stimulated not only 
by the properties of the objects unessential for the work 
of the glands, but absolutely by all the conditions sur- 
rounding these objects, or with which they are connected 
one way or another—for example, the dish in which they 
are contained, the article on which they are placed, the 
room, the people who usually bring the objects, even the 
noises produced by these people, though the laiter may 
not be seen at the given moment—their voices, even the 
sound of their steps. Thus, in psychical experiments, the 
connection of the objects acting as stimuli on the salivary 
glands becomes more and more distant and delicuic. Here, 
undoubtedly, we have a phenomenon of further adaptation. 
We can admit in this case that such a distant and delicate 
connection as that between, the step of the person who 
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usually feeds the animal and the working of the salivary 
glands has no specific physiological significance other than 
its delicacy. But we need only recall those animals whose 
saliva contains protective poison, to appreciate the great 
vital significance of this timely provision of a protective 
means against an approaching enemy. The significance of 
the distant signs of objects producing a motor reaction in 
the organism, is, of course, easily recognised, By means of 
distant and even accidental characteristics of objects the 
animal seeks its food, evades enemies, ete. 

If that is so, then the following questions are of decisive 
significance for our subject: can this secming chaos of 
relations be included in a definite scheme? Is it possible to 
make the phenomena constant, to disclose the laws govern- 
ing their development and their mechanism? IL seems to 
me that the examples which I shall now present entitle me 
to give an emphatically positive answer to these questions, 
to find at the basis of all psychical experiments one and the 

"game special reflex as the chief and most gencral mecha- 
nism, True, in its physiological form, our experiment, exclud- 
ing, of course, all extraordinary conditions, always yields 
one and the same result; it is the unconditioned reflex, But 
the main feature of the psychical experiment is its imper- 
manence, its obvious capriciousness. However, the results 
of a psychical experiment undoubtedly recur too, otherwise 
we would not speak of them at all. Consequently, the point 
is in the greater number of faclors which influence the 
results of a psychical experiment compared with a physio- 
logical one. This, then, is a conditioned reflex. Ilere are 
facts which show that our psychical material may also be 
included in a definite scheme and that il is subject to cer- 
tain laws. These facts were obtained in my laboratory by 
Dr. 1. F, Tolochinoy.? 

It is not difficult to recognise during the first psychical 
experiments the chief conditions puaranteving their suc 
cess, i.e. their constancy. If an animal is stimulated (i.e, 
its salivary glands) by food placed at a distance, the result 
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of the experiment depends solely on whether the animal 
has been prepared for it by a certain period of fasting. An 
animal experiencing keen hunger yields positive results; 
on the contrary, the most voracious and least fastidious 
animal, if it has just had a good meal, fails to respond to 
food placed at a distance. Thinking in terms of physiology 
we can say that we have here a different degree of excita- 
bility of the salivary centre—greatly increased in the first 
case, and greatly decreased in the second. We may rightly 
assume that just as the carbonic acid contained in the blood 
determines the energy of the respiratory centre, so the 
different composition of the blood in a hungry animal and 
in one that is sated determines the above-mentioned fluctu- 
ations in the excitability and reactivity of the salivary cen- 
tres. From the subjective point of view this could be 
designated as attention. When the stomach is empty, the 
sight of food easily causes the mouth to water; in sated 
animals the same reaction is either very weak or entirely 
lacking. ! 

Let us proceed. If the animal is shown food or certain 
disagreeable substances, and if this is repeated several 
times, then with each repetition the experiment will pro- 
duce a weaker result, and in the end there will be no reac~- 
‘tion whatever. There is, however, a sure method of restar- 
ing the reaction; it can be achieved by giving the dog; food 
or by introducing into its mouth substances which ceased 
to act as stimuli, This, of course, produces the usual strong 
reflex, and the object begins ta act from a distance again. 
For the subsequent result it is immaterial whether food is 
placed in the mouth or any disagreeable substance. For 
example, if meat powder no longer stimulates the animal 
from a distance, its effect can be restored either by letting 
it eal the powder or by introducing into the mouth a dis- 
agreeable substance, e.g., acid. We can say that thanks to 
the direct reflex the excitability of the salivary centre has 
been heightened, and the weak stimulus—the object at a 
distance—has become sufficiently strong. Do we not expe- 
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rience the same thing ourselves when appetite comes with 
eating, or when, after unpleasant, powerlul excitation, we 
begin to have the appetite that we previously lacked? 

Here ig a number of other facts of a constant character, 
The object placed at a distance stimulates the salivary 
glands not only by the entire complex of its properties, but 
also by its individual properties. If a hand smelling of meat 
or meat powder is brought into proximity with the dog, it 
often proves sufficient to induce a salivary reaction. Simi- 
larly the sight of food placed at a distance, and consequent- 
ly the mere optical effect of the object, may also stimulate 
the activity of the salivary glands, But the combined, simul- 
taneous action of all these properties of the object always 
produces a better and greater effect, i.e., the action of the 
sum of the stimuli is more powerful than cach individual 
stimulus. 

The object acts on the salivary glands from a distance 
not only by means of its inherent properties but also by 
means of incidental qualities deliberately imparted fo it, 
If we colour the acid black, then even water tv which the 
same colour is added will influence the salivary glands from 
a distance. However, all incidental qualities deliberately 
imparted to the distant object begin Lo act as stimuli of the 
salivary glands only when the object with its newly’ 
acquired properties is brought into contact with the oral 
cavity at least once. Black-coloured water began to stimu. 
late the salivary glands from a distance only after prelimi- 
nary introduction of black-coloured acid into the dog's 
mouth, The stimuli of the olfactory nerves belong to the 
same group of conditioned properties. The experiments 
carried out in our laboratory by Dr. A. T. Snarsky showed 
that simple physiological reflexes from the nasal cavity 
acting on the salivary glands are conducted only through 
the sensory nerves lying along the trigeminal nerve. Am- 
monia, mustard oil, etc., always produce an_ invariable 
effect even in a curarised animal. However, if the trigemi- 
nal nerves are severed, this action fails, Odours lacking a 
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local stimulating effect have no influence on the salivary 
glands. If, for example, oil of anise is placed for the first 
time before a normal dog with constant salivary fistulae 
there will be no secretion of saliva. But if simultaneously 
with the odour the oil of anise (which produces a strong 
local irritation) is brought into contact with the dog’s oral 
cavity, saliva secretion will be induced afterwards by the 
odour alone. 

If food is combined with a disagreeable substance or 
with a certain property of the disagreeable substance, for 
example, if you show the dog meat moistened with acid, 
then, despite the fact that the dog reaches for the meat, a 
saliva secretion comes from the parotid gland (for meat 
alone there is no secretion from this gland), ie., a reaction 
to the disagreeable substance. Moreover, if owing to repeti- 
tion the action of the disagreeable substance placed at a 
distance becomes insignificant, then upon combining it with 
food which altracts the animal, the reaction always be- 
comes intensified, 

As mentioned above, dry food causes abundant saliva 
secretion, while moist food, on the contrary, produces 
either a weak flow of saliva or none at all. If one acts on a 
dog from a distance by showing it two extremes, for in- 
stance, dry bread and raw meat, the result will depend on 
the object which stimulates the dog more stronply, and this 
can be judged by its motor reaction. If, as usually happens, 
the dog is stimulated more strongly by the meat, then the 
only reaction will be the one peculiar to meat, ic, there 
will be no saliva secretion. Thus, the bread, although it is 
before the dog’s eyes, remains ineffective. It is possible lo 
impart the smell of sausage or meat to dry bread so that 
the bread alone acts on the dog’s eye, with the sansage or 
meat only leaving a smell, and yet the only reaction will 
be that induced by the sausage or meat. 

The action of objects from a distance can be inhibited in 
other ways. If in the presence of a greedy, excitable dog 
we feed another dog, for example with dry bread, then the 
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salivary glands, which previously evinced a most vivid 
reaction to the sight of bread, become inactive. ° 

When the dog is placed on the stand for the first time, 
the sight of dry bread, which produced a very strong action 
on the salivary glands when the dog was on the floor, now 
has not even the slightest influence. 

I have placed before you a number of casily and exactly 
recurring facts. It will be obvious that many striking in- 
stances of animal training belong to the same category as 
some of our facts. It follows, therefore, that they have long 
since testified to the strictly law-governed nature of certain 
psychical manifestations in animals. Tt is to he regretted 
that they have been left so long without science giving 
them the attention they merit. 

So far in my exposition I have not mentioned any phe- 
nomenon corresponding to what in the subjective world we 
call desires. Actually we have not encountered such phe- 
nomena. On the contrary, the following fundamental fact 
constantly recurred before our cyes: the sight of dry bread, 
to which the dog hardly turned its head, produced an abun- 
dant secretion of saliva, whereas meat, to which the dog 
rushed with avidity, breaking from the stand and gnash- 
ing its teeth, failed to exert any influence on the salivary 
glands when placed at a distance. Thus, what in the sub- 
jective world we designate as desire, was expressed in our 
experiments only by the animal’s motor reaction, but did 
not manifest any positive action on the salivary glands, 
Hence, the phrase that ardent desire stimulates the saliva- 
ry or gastric glands in no way corresponds to reality. This 
sin of confusing what are obviously different things can be 
imputed also to me in my earlier articles. In our experi- 
ments we must, therefore, clearly distinguish between the 
secretory and the motor reactions of Lhe organism; and in 
respect to the glands, if we compare our results with the 
phenomena of the subjective world, we must regard not the 
desire of the dog, but its attention, as the chief condition 
for the success of the experiments, The salivary reaction of 
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the animal might be regarded in the subjective world as 
a substratum of elementary, pure notion, thought. 

~The above-mentioned facts, on the one hand, provide 
certain, and in my view, important conclusions about the 
processes taking place in the central nervous system; on 
the other hand, they make possible further successful 
analysis. Let us consider from the standpoint of physiology 
some of our facts, and first of all our fundamental fact. 
When a given object—a certain food or chemical irritant— 
is brought into contact with the special surface of the oral 
cavity and stimulates it by means of those of its properties 
on which the activity of the salivary glands is specially 
directed, then the other properties of the object that have 
nothing to do with the working of the salivary glands or 
even with the entire environment of the object, but simul- 
taneously stimulating other sensory surfaces of the body, 
become connected, apparently, with the same nervous cen- 
tre of the salivary glands to which the stimulation emanal- 
ing from the essential properties of the object is conducted 
through a fixed centripetal path, It can be assumed in this 
case that the salivary centre acts in the central nervous 
system as a point of attraction for stimuli coming from 
other sensory surfaces. Thus, a certain path is opened from 
the other excited areas of the body to the salivary centre. 
But this connection of the centre with accidental points is 
very fragile and tends to disappear of itself, Constant rep- 
etition of simultancous stimulation by means of the essen- 
tial and unessential properties of the object is required to 
make this connection increasingly durable. In this way a 
temporary relation is established between the activity of a 
certain organ and the external objects. The temporary re- 
lation and its law—to becoine stronger as a result of repe- 
tition and to disappear when not repeated—play a big role 
in the well-being and integrity of the organism; by means 
of it the adaptability of the organism and the conformity of 
its activity to the surroundings become more perfect and 
delicate. The two parts of this law are equally important: 
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if the temporary relation to the object is of great signif. 
icance for the organism, then the rupture of this relation 
ig essential when it is no longer justified by reality. Other- 
wise the relations of the animal, instead of being delicate, 
would assume a chaotic character. 

Let us turn to another point. From the standpoint of 
physiology how do we regard the fact that the sight of meat 
destroys in the parotid gland the reaction to the sight of 
bread, i.e., that the saliva earlier secreted at the sight of 
bread ceases to flow when there is a simullancous meat 
stimulation? One could assume that strong excitation in a 
definite motor centre corresponds to the strong motor re- 
action provided by the meat, as a consequence of which, 
according to the above-mentioned law, the stimulation is 
diverted from other parts of the central nervous system and 
in particular from the salivary centres, i.e., their excitability 
is diminished. This interpretation is supported by another 
experiment in which the secretion of saliva al the sipht of 
bread is inhibited by the sight of another dog. I[cre the 
motor reaction to bread is really greatly intensified. Even 
more convincing would be an experiment in which the dog 
would prefer dry food to moist and display a stronger 
motor reaction to it. We should be quite right in our inter- 
pretation of this experiment if in the dog in question the 
sight of dry food did not evoke secretion of saliva, or if the 
secretion should be much less than in usual dogs. Ti is a 
well-known fact that a very strong desire often inhibits 
certain special reflexes. 

But among the above-mentioned facts there are some 
which, from the physiological point of view, can be ex- 
plained only with great difficulty; for example, why does 
a conditioned reflex, when repeated, invariably become in- 
effective? The natural explanation of fatigue is hardly 
acceptable, since in this case we are dealing with a weak 
stimulus. Actually the repetition of a strong stimulus of an 
unconditioned reflex does not bring on early fatigue. Prob- 
ably we have here altogether peculiar conditions for the 
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excitation which is conducted along accidental centripetal] 
paths. 

From the above it is obvious that our new subject can 
be investigated quite objectively and that, in essence, it is 
a purely physiological subject. One con hardly doubt that 
analysis of this group of stimuli, coming into the nervous 
system from the external world will reveal to us laws of 
nervous activity and disclose its mechanism from aspects 
which so far have not been even touched upon by investi- 
gation of nervous phenomena in the organism, or have heen 
touched upon only in rough outline. 

Despite the complexity of the new phenomena, this in- 
vestigation entails considerable advantages. In the presenl 
study of the mechanism of the nervous system, first, the 
expcriments are conducted on animals that have just been 
injured by operations, and, secondly, and this is the chief 
thing, the nerve trunks of the animals are subjected to 
stimulation, i.e., the excitation extends simullancously and 
in a uniform manner over a mass of highly diverse nervous 
fibres; such combinations, however, never occur in reality, 
Naturally, we experience greal difficully in discovering the 
Jaws of the normal activity of the nervous system, since 
we bring it to a state of chaos by our artificial stimulation. 
But in normal conditions, such as we maintained in our 
latest experiments, the stimulation is effected in an isolat- 
ed manner, the correlations of the intensity being regulated. 

Generally spevking, this applies to all psychical ex- 
periments, but in the case of our psychical phenomena, 
observed in the activity of the salivary glands, there is 
another special advantage. For successful investigation of 
a subject, complex by its very nature, it is important to 
simplify it in some way or other. In the given case we 
have this simplification. The role of the salivary glands 
is so clear that their relation to the external environment 
of the organism must be equally clear and accessible to 
investigation and interpretation. However, it must nol be 
imagined that the physiological role of the salivary glands 
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is confined to the above-mentioned functions. By no means. 
For example, saliva is used by the animals for licking and 
healing wounds, a thing that we constantly see, This is 
probably the reason why we can obtain saliva by stimulat- 
ing various sensory nerves. And yel the coinplexity of the 
physiological relations of the salivary glands is much less 
than that of the skeletal muscles through which the organ- 
ism is connected with the external world in an endlcss 
number of ways. At the same time a simullancous com- 
parison of the secretory, especially salivary, reaction with 
the motor reaction enables us, on the one hand, to 
distinguish between the particular and the general, and on 
the other hand, to get rid of our stock of routine anthro- 
pomorphic concepts and interpretations relating to the 
motor reaction of the animals. 

Having established the possibility of analysis and 
systematisation of our phenomena we come to the next 
stage of our work—systematic division and derangement 
of the central nervous system in order to see how the pre- 
viously established relations change. Thus, there will be 
an anatomical analysis of the mechanism of these rela- 
tions. This will be the future and, I feel sure, the already 
approaching experimental psychopathology. 

Here, too, the salivary glands as objects of investigation 
are of great value. The nervous system, which has a bear- 
ing on movement, is so highly intricate and predominates 
to such an extent in the brain that even the slightest 
damage to it often causes undesirable and very complicated 
results. The nervous system of the salivary glands, because 
of their inconsiderable physiological significance, com- 
prises, it may be assumed, only a negligible portion of the 
brain substance, and is, consequently, so thinly distributed 
in the brain that its partial, isolated destruction dacs not 
bring about, even remotely, the difficulties which in this 
respect exist in the innervation motor apparatus, Of course, 
psychopathological experiments had their beginning at a 
time when the physiologists first removed these or other 
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parts of the central nervous system and investigated the 
animals that survived these operations. In this respect the 
past twenty or thirty years have supplied us with a number 
of fundamental facts. We already know the drastic decline 
that takes place in the adaptive capacity of animals as a 
result of complete or partial extirpation of their cerebral 
hemispheres. But the investigation of this subject has not 
yet developed into a special branch, which could be studied 
without interruption and according to a definite plan. The 
reason for this, as I see it, is that the investigators still 
lack the more or less considerable and detailed knowledge 
of the animal’s normal relations with the surrounding 
world that would enable them to make an objective and 
exact comparison of the state of the animal before and 
after the operation. 

Objective investigation alone will gradually bring us 
to the complete analysis of that infinite adaptability in all 
its manifestations which constitutes life on earth. Are not 
the movements of plants towards light and the seeking of 
truth through mathematical analysis essentially phenomena 
of one and the same order? Are they not the last links of 
an almost endless chain of adaptation taking place through- 
out the living world? 

We can analyse adaptation in its most elementary forms 
on the basis of objective facts. Is there any reuson for 
changing this method in the study of adaptability in the 
higher orders? 

Work in this direction has been started at different levels 
of life and has advanced effectively without encountering 
obstacles. The objective study of living matter, which 
begins with the theory of tropisms of elementary living 
things, can and must remain objective also when il reaches 
the highest manifestations of the animal organism, the so- 
called psychical phenomena in the higher animals. 

Guided by the similarity or identity of external munifes- 
tations, science, sooncr or later, will apply the objective 
facts also to our subjective world and thereby shed a bright 
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light on our mysterious nature, elucidate the mechanism and 
the vital significance of that which occupies the human 
mind most—his consciousness and its torments. This ex- 
plains why in my exposition I have some words which 
sounded as if they were contradictory. In the tille of my 
paper and throughout my exposition I have used the term. 
“psychical”, at the same time bringing forward only objec- 
tive investigation and leaving aside everything subjective. 
The vital phenomena that are termed psychical, despite the 
fact that they are objectively observed in animals, are 
only distinguished from purely physiological phenomena 
by degree of complexity. It makes no difference whether 
they are termed psychical or complex-nervous as distinct 
from the simple physiological, once it is realised and rec- 
ognised that the naturalist should approach them only 
objectively, leaving aside the question of the essence of 
these phenomena. 

Is it not clear that contemporary vitalism, that is, 
animism, confuses the different points of view of (he 
naturalist and of the philosopher. The former always bases 
his grandiose success on the study of objective facts and 
their comparisons, disregarding on principle the question 
of the essence and final causes; the latter, personifying the 
highest aspiration of man for synthesis—although up to 
now it has been of a fantastic nature—and seeking to 
provide the answer to everything relating to the human 
being, must right now create an entity from the objective 
and the subjective. For the naturalist everylhing lies in the 
method, in the chance of obtaining an unshakable, lusting 
truth; and solely from this point of view, which for him 
is obligatory, the soul, as a naturalistic principle, is not 
only unnecessary but even harmful to his work, in vain 
limiting his courage and the depth of his analysis, 
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Some of my young collaborators studying conditioned 
reflexes have now been complaining for a number of years 
of the drowsy state of their expcrimental animals, a state 
which hindered them from continuing their studies of the 
aforesaid phenomena for the simple reason that these 
phenomena disappeared. This difficully made itself felt 
particularly when they chose as the conditioned agent for 
the thermal stimulation of the animal’s skin either heat at 
about 45°C or cold of about 0° C.4 The latter cases usually 
ended in the animal’s deep sleep and cessation of all of its 
complex nervous activity. Even a prejudice against work- 
ing with thermal agents has formed in the laboratory. 
However, we could only temporarily disregard the forego- 
ing difficulty, but, essentially, it directly concerned our 
problem. Concentrated attention on this difficully finally 
disclosed its mechanism. We had long and unwittingly been 
surprised at the contrasts between the great animation and 
mobility of the dog before the experiment and its drow- 
siness and sleep which developed soon after the beginning 
of the experiment. It occurred to us thal something in our 
experiment was the cause of this drowsiness. And yet the 
experiment consisted only in the fact that the dog was 
either repeatedly given small portions of food or that 
several cubic centimetres of a weak solution of hydro- 
chloric acid were poured into its mouth accompanied by 
thermal stimulation of the skin. Since neither the feeding 
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nor the administration of the acid could have been the 
causes, the reasons for the drowsiness had to be sought 
only in the action of the thermal agent. In point of fact, as 
a result of various forms of the experiment, we found that 
the action of the same degree of heat or cold on the 
selfsame place of the skin, temporary but repeated, and 
the more so continuous for some time, infallibly led sooner 
or later to a drowsy state of a formerly lively and mobile 
animal and then to its deep sleep. It was becoming obvious 
that a definite agent of the external environment could 
condition in the same fatal and infallible manner the 
animal’s peace, the devression of its higher nervous activ- 
ity, as the other agents, on the contrary, evoked its 
particular complex-nervous functions. In other words, side 
by side with the various active reflexes there is also a 
passive sleep reflex. Once the external environment forces 
the animal to diverse activity infallibly connected with 
destruction of living substance, but at other times, when 
this activity is, according to the moment, superfluous, the 
same external environment with similar imperativeness 
dooms the animal to rest which ensures restoration of the 
living substance destroyed during the activity. And it is 
only thus that the physicochemical system of the animal’s 
organism, which is always in motion, remains integral, re- 
mains itself. That sleep as a depression, inhibition of the 
higher nervous activity, besides the possible chemical 
reason in the form of accumulating products of activity, is 
also conditioned by a peculiar reflex stimulation, is con- 
firmed by some of our other observations in which other 
types of Obvious depression changed to drowsiness and 
sleep in a truly amazing manner. I am convinced that the 
solution of the still unclear phenomena of hypnosis and 
other related states lies along this path of research and 
that we do not face so many difficulties, at that. If ordinary 
sleep is a depression, inhibition of all of the activily of the 
higher division of the brain, hypnosis must be regarded as 
a partial depression of the different portions of this divi- 
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sion. The episode with the sleep reflex is one of the numer- 
ous illustrations of how the study—by the objective 
method—of all the influences of the external environment 
on the animal organism, without exception and as fleeting 
and slight as they may be, gradually encompasses and will 
finally encompass the entire activity of the organism. 

For us the sleep reflex is as yet but one of the inhibitors 
of our conditioned reflex. We call the inhibition conditioned 
by the sleep reflex a general inhibition because it depresses, 
in addition to ours, also the other complex-nervous 
phenomena. 
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ON INHIBITION AND SLEEP5 


It has long been observed that under some conditions 
our dogs become sleepy and thus interfere with our work; 
under these conditions the conditioned reflexes weaken 
and disappear. We have particularly noticed that this onset 
of drowsiness occurred in dogs subjected to thermal 
stimulation when the thermal stimulation of the skin was 
connected with the stimulation of the salivary gland. It has 
developed that thermal stimulation calls forth sleep, 
that is, it conditions and evokes sleep, as other stimuli 
evoke other activities of the animals. It is interesting thal 
to observe drowsiness requires stimulation with heat or 
cold at a certain spot and with the same degree of tem- 
perature. If you change the degree of heat or the place, 
the hypnotic influence is weak and does not attain the 
highest point of manifestation. On the basis of these ex- 
periments we had to speak of a sleep reflex and it became 
perfectly clear to us that this drowsy state was a form of 
depression of the activity of the cerebral hemispheres. Why 
depression? Because this drowsy state, the sleep reflex, 
acted on our other conditioned reflexes absolutely in the 
same manner as did the well-known inhibitors with all the 
details and peculiarities, as inhibitors act in general, i.e., 
there was a complete similarity of action. I shall give you 
facts where other forms of unquestionable depression 
gradually pass into sleep, apparently on the basis of their 
affinity. 


a4 


I shall now consider other phenomena of depression. | 
obtain a trace reflex by mechanically stimulating the skin 
at a certain spot with a scratcher for a period of a minute; 
then I wait a minute and pour in the acid. It follows that 
my aim is to form a conditioned reflex from the trace of 
scratching, from what remains of this stimulation in the 
nervous system. After numerous repetitions I really get to 
the point where there is no effect while I scratch and, 
when the scratching is over and the minute belween the 
scratching and the administration of the acid has ended, 
salivation appears; consequently, I have formed a trace 
reflex from the remainder of the mechanical stimulation 
of the skin in the nervous system. But if the experinient is 
continued, the following interesting phenomenon is 
observed: during the scratching the dog grows increasing- 
ly calmer and finally falls asleep, it even, 80 to speak, 
falls asleep demonstratively. Whereas the dog was wide 
awake before the scratching, as soon as you begin lo 
scratch it, signs of sleepiness appear. Then the sleep grows 
increasingly deeper and lasts longer and longer. 

Finally, the experiments have to be discontinued be- 
cause the dog on the table has become a continuously slcep- 
ing animal. This seems to be an absolutely unsuitable, in- 
appropriate process: you repeatedly administer to the dog 
acid which must greatly stimulate it and yet it all ends in 
sleep; the acid has become a hypnotic agent. The same dog 
with the same acid reflexes, only extant and not trace 
reflexes, manifests no drowsiness. How are we to under- 
stand it? During the scratching we never administer acid, 
consequently ihe process of depression must develop at 
this time. Thus, a paradoxical situation for the nervous 
system results. Depression must develop in response to the 
extant stimulus and a stimulus for acid must form from the 
trace of this stimulation. Since the depression is connecied 
with intense stimulation, and excitation is connected with 
weak stimulation, the depression finally prevails, an 
exaggerated and very widespread effect of this depression 
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results, this depression passing into a drowsy state and 
sleep, and these phenomena doing away with the condi- 
tioned reflex itself. If you observe these experiments many 
times and compare all the circumstances of the experi- 
ments, no other and more natural explanation of these 
curious relations can occur to you. At first these interpreta- 
tions may appear somewhat far-fetched, but subse- 
quently you will learn other facts which will incline you 
more towards our explanations. 

I shall now consider another case in which the relation 
is simpler. You have before you some conditioned stimulus, 
say, a metronome which always evokes salivation. Now I 
add to the metronome an odour, say, that of camphor, and 
at this time I will not “reinforce” the metronome, i.e., I 
will not give the dog food when, in addition to the metro- 
nome, the dog 1s stimulated by the odour. At first, the 
metronome will evoke salivation despite the effect of the 
odour. But if this is repeated several times, this combina- 
tion becomes ineffective: the metronome plus the odour of 
camphor does not evoke salivation. We call this fact a 
fact of conditioned inhibition and the added agent—a con- 
ditioned inhibitor, 

The following are interesting details of conditioned in- 
hibition. I start testing the stimulus—metronome in the 
morning; it produces at least ten drops. Then I try the 
metronome with camphor and the result is a zero effect. If 
I try the metronome alone one, two or three minutes after 
applying the conditioned inhibitor, it will yield very little: 
one or two drops. What does this mean? It means that the 
inhibition which has developed in the central nervous 
system when I used camphor together with the metronome 
has spread through the cerebral hemispheres and persisis 
in them; it takes time for it to wear off. Therefore, if I try 
the metronome 10-30 minutes after the combination, the 
metronome acts well, as usual. 

This fact of conditioned inhibition explained one thing 
to us which we could not fathom for a long time and which 
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generally gave us great difficulties in our work. When our 
experimental animals included extremely mobile and lively 
dogs with which we expected to work rapidly and well, 
precisely these dogs, as soon as they were in the 
stand, drove us to desperation: in the stand they infallibly 
lapsed into sleep and no reflexes could be obtained from 
them. What was the matter? You have an animal which 
won't stay put, an animal that won’t fail either to lick you, 
snap at you, spring on you, etc. You take this animal, place 
it in the stand and tie its legs; at first it behaves as it did 
on the floor; it tries to free itself, begins to reach for you, 
etc., you fight it, you tie the animal’s paws, make fast its 
head, etc., and finally achieve what you wanted: the dog 
has grown calmer, but at the same time it has become 
sleepy, and the whole thing ends in deep sleep, What does 
this mean? You have inhibited the normal lively reaction 
of the animal to the surrounding world by various methods 
of violence. Depression has developed in the dog’s nervous 
system and, continuously increasing, it has spread [rom the 
motor area to the entire hemisphere in the form of sleep. 
Thus the whole atmosphere was transformed into a con- 
ditioned inhibitor, This can be proved as follows: you may 
gradually reduce the elements of the situation and you will 
see that along with this the depression will also gradually 
diminish. 

The following table (p. 35) demonstrates the results of 
one of the experiments conducted by Doctor N. Rozhansky.6 

The first column shows the time of the experiment; the 
second column—the conditioned stimulus used; the third 
column—the number of drops received from the parolid 
gland, the measure of our Salivary reflex; the fourth 
column—the time during which these drops were collected, 
and the last column—the position in which the dog was 
kept. 

You let the dog down on the floor, applied a conditioned 
stimulus, and the dog gave you seven drops of saliva, You 
put the dog on the table, without the stand and straps 
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Experiment of February 22, 1911 
(Kabill) 


Time Stim-|No. of tected rs Notes 

ulus | drops | “(in seconds) 
3:50 P.M. | Metro- 

nome |} 1/2 30 In stand and straps 
4:00, ve 2 30 In stand wilhout straps 
4:12 , ee 4 30 On another table 
4:95, me 7 30 On floor 
4:35 , 3 3 30 On unusual table 
447, i 0 30 In sland without sliaps 
406 oy oi 0 30 In stand and straps 


and you got three drops. You placed the dog in the stand 
and the result is no salivation., 

Thus we are faced with the following fact: by the situa- 
tion you depress in the animal, as with a conditioned in- 
hibitor, the muscular reaction to the usual external 
environment, but by doing it you also lose your conditioned 
salivary reflex. Consequently, you have a depression which 
is not confined to the limits you wanted, namely, the 
muscular division; the depression has progressed and has 
manifested itself in the form of general rest of the nervous 
system. These cases show us that the nervous depression 
produced in a certain spot has not remained at the one spot 
but has spread, has irradiated. Should this fail to be 
sufficiently convincing, we shall now consider, in conclu- 
sion, facts which will remove all doubts and which must 
be recognised as the best illustration of the law I have just 
discussed, 

The experiment is demonstrated by Doctor N. Krasno- 
gorsky,” who has made a study of this subject. In this case 
we have a dog with three stabbers: one stabber at the 
end of the left hind leg, another 3 cm upward from the end, 
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and the third 22 cm away from the end. The lowest stabber 
is ineffective, because we did not accompany the stabbing 
of this spot with food and it ceased to act as a stimulus, 
whereas the stabbers three and twenty-two centimetres 
away from the end of the leg were continuously ac- 
companied by food and are therefore effective. Earlier ex- 
periments convinced us that this differentiation of places is 
based on the development of depression at these places. 
If the stabber on the leg ceased to act, it did so because 
depression developed in this place and, consequently, 
does not permit the stimulation to spread. Now you see 
very clearly here that this process of depression irradiates 
over a certain distance and you watch the distance. We 
use the ineffective stabber and the result is zero, Then 
if you use the proximal stabber once and the distal stabber 
another time, you obtain an enormous difference. If, some- 
time after using the ineffective stabber you try the proximal 
Stabber, you find that it is depressed. This means that the 
process of depression has spread to it, too. But if you try 
the distal stabber under absolutely identical conditions, 
you find that there is no depression, Thus, you follow with 
your eye the nervous process, the course of the wave of 
depression, and you see that it has stopped upon reaching 
a certain limit, has not gone any farther. Now it is possible 
to find out the speed with which this wave of depression 
spreads over the nervous system and how far it extends. If, 
after using the ineffective stabber, whose ineffectiveness is 
based on the development of depression at the given point, 
you try other stabbers within 1.5 minutes, you observe the 
aforesaid phenomenon, namely, that at a distance of three 
centimetres the depression is distinct, whereas at a greater 
distance (22 cm) it is imperceptible. Consequently, 1.5 
minutes after the use of the ineffective stabber the process 
of depression does not spread over a Jong distance. But, if 
you try the stabbers not within 1,5 minutes, but within 15 
seconds, the depression will also be on top so that you will 
quite clearly see how the wave of depression spreads over 
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the nervous system and how it surges back. To me this fact 
appears as a most incontestable illustration of the law of 
irradiation of depression; this fact can be given no other 
interpretation. 

Thus, after all the aforesaid experiments, we must Say 
that depression also spreads over the cerebral hemispheres, 
like excitation. 

But there are also many facts showing that depression 
likewise concentrates in the manner I have told you about 
excitation. 

You have a conditioned reflex—metronome—and with 
it a conditioned inhibitor—camphor. If the latter is fresh 
and you try a short time (5-10 minutes) after it the stim- 
ulation alone, i.e., the metronome, there will be no reaction. 
But, if you continue the experiments, i.e., you reinforce 
the metronome alone with an unconditioned stimulus, and 
do not reinforce the metronome combined with camphor, 
you will see that the process of depression increasingly 
concentrates, Now, if you use, after the combination, ithe 
metronome alone, it will act exactly the same way 5-10 
minutes later as it did before, i.e., in full measure. Appar- 
ently the same phenomenon is observed in the following 
facts. Say you have a tone of 1,000 vibrations and you 
differentiate from it, for instance 1/8 of a tone, that is, 
you accompany the tone of 1,000 vibrations by feeding and 
do not accompany the 1/8 of the tone by feeding. Finally, 
the stimulations will differ; one will act and the other will 
not. This differentiation is based on the process of inhibi- 
tion. If you try the tone soon after the differentiated 1 /8, 
it will prove depressed. But, if more time elapses after the 
elaboration of the differentiation, the depression will also 
concentrate, i.e., the trial of the differentiated tone after 
a short space of time will now no longer depress the active 
tone. 

Entirely similar facts are also observed in the different 
dogs with which we work. So far, we do not control these 
facts, we are only observers of these facts, but the 
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purport of these facts is apparently connected with the 
law of irradiation and concentration of depression. 

Here is a number of dogs. You have one dog in which 
a drowsy state has developed under the conditions of our 
experiment, and this state has embraced the entire activ- 
ity of the cerebral hemispheres. Then you have another 
type of dog which does not sleep in the stand. This means 
that depression has not reached the highest degree to be 
manifested in the general inactivity of the cerebral hemi- 
spheres. In this dog the depression is manifested in mus- 
cular rest, and the dog stands stock-still. But this de- 
pression has not confined itself to the muscular system; 
it has passed on to the salivary reflex. And now, the last 
dog. On the floor it is an extremely lively animal. It does 
not sleep in the stand but it is at muscular rest, it stands 
as though petrified, and yet this depression of the muscular 
system is limited and does not spread to the salivary 
reflexes which prove to be very intense. In different dogs 
we have different degrees of irradiation of the depression 
and a certain concentration of this depression from the very 
Same depressing effect of our situation. The last dog has 
an ideally developed nervous system; in this dog the de- 
pression has remained at the spot where we wanted to 
retain it. It gave the dog muscular rest but did not go any 
farther; the salivary reflexes remained unaffected and intact, 

What if this latter is only observational material, I 
repeat, the thing is perfectly clear: from the very same 
method you have a fact of conditioned inhibition and at 
the same time a fact of its definite limitation. I believe that. 
all the foregoing facts give sufficient reasons to assume 
that depression is governed by the same basic laws as ex- 
citation. As excitation al first irradiates and then concen- 
trates, so does also depression at first spread, and then 
concentrate. 

These facts are at the Same lime an essential argument 
that excitation and depression are but different aspects, 
different manifestations of the selfsame process, 
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This is all we wanted to show you and tell you about 
today. In conclusion, I consider it rather interesting to let 
you in on some of the intimate facts which we observed 
in studying the phenomena we are now investigating by 
our method. These facts were finally elucidated not so long 
ago. When we decided about ten or eleven years ago to 
study the higher manifestations of the dog’s nervous activ- 
ity only objectively, ours was not an easy position. Like 
everyone else, we had the usual idea that the dog wanted 
something, thought something, etc. When we assumed the 
objective point of view, it seemed incredible that we could 
succeed. However, we had theoretical determination and 
started working by an objective method, while the field of 
phenomena we investigated was vast and, on the other 
hand, we were scarcely in possession of any of our simple 
facts. It stands to reason that we were in an awful position, 
because we had no actual proof that our decision was 
correct. We only had hopes that we would find something 
and, at the same time, doubts as to whether or not this 
would be recognised as scientifically adequate. This was 
followed by hours of success which encouraged us. In the 
course of time we accumulated many facts. Simultaneously 
we acquired greater conviction. We must confess, how- 
ever, that our doubts also increased, and that these doubts 
persisted until very recently, although I did not disclose 
them to my associates. There were times when I asked 
myself the question: have we a correct attitude by viewing 
the facts only from the outside, or should we rather regard 
them from the old point of view? These cases recurred 
many times; naturally, they drew attention to themselves, 
and at last, this is what we found. Each time a new number 
of facts, especially a number of difficult facts, appeared, 
that is, facts hard to understand from our point of view, 
our doubts immediately increased. Why was it this way? 
What was the matter? It was quite simple, because in these 
new facts we did not as yet find causal relations, we could 
not explain the relations between the phenomena, and what 
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was conditioned by what. Then, as we elucidated these re- 
lations, as we saw that a cause was followed by an effect, 
we immediately felt satisfied and reassured. Why had we 
before turned in a cowardly manner io the former 
subjective method? The answer is simple: because this is a 
method of causeless thinking, because psychological 
reasoning is a deterministic reasoning, i.e., I recognise a 
phenomenon as coming from neither here nor there. I say: 
the dog thought, the dog wants, and I am satisfied. And 
this is a fiction, and there is no cause for the phenomenon. 
It follows that the satisfaction of the psychological inter- 
pretation is also only fictitious, groundless. Our objective 
explanation is truly scientific, i.e, always turning to the 
cause, always seeking a cause. 


CONDITIONS FOR ACTIVE AND RESTING STATES 
OF THE CEREBRAL HEMISPHERES8 


I have entitled my report “Conditions for Active and 
Resting States of the Cerebral Hemispheres”. By a resting 
state I imply a sleepy state to which I oppose the waking 
state. It stands to reason that this question is enormous 
and that I intend to formulate it only in its general out- 
lines, to pose it before science. What I will say will be only 
small fragments relating to this immense subject which 
will sometime rise to its full stature for complete elabora- 
tion. 

In his classical work Reflexes of the Brain 50 years ago 
Professor I, Sechenov envisaged with amazing intellectual 
power the main points of the question included in 
this subject and gave it the best formulation. He said that 
the active state of the higher division of the cerebral hemi- 
spheres required a certain minimal sum of stimulations 
coming to the brain through the usual receptive surfaces 
of the animal’s body. This assumption made by I. Sechenov 
was subsequently brilliantly confirmed by a certain clinical 
case. Professor Striimpell! happened to have in his hospital 
a patient whose nervous system was impaired to such an 
extent that of all the receptive surfaces only the two eyes 
and one ear remained, and as soon as these last intact 
windows into the external world closed, the patient im- 
mediately fell asleep. This furnished complete confirmation 
of the fact that a certain minimal inflow of stimulation was 
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necessary for the waking, active state of the cerebral 
hemispheres. 

Quite recently I happened to see a similar case by 
courtesy of Dr. Shenger. It was a patient who had sus- 
tained a cranial and cerebral injury by falling off a tramear. 
This person has become quite an invalid. He walks very 
slowly and carefully, speaks very slowly, and yet is quite 
a sane person who understands all questions and answers 
them sensibly. He has completely lost the vision of one 
eye and the hearing of one ear, but as for the sense of smell 
and the sense of touch he has not been examined. The 
following fact was reproduced on this patient. When his 
intact ear and eye are open, he understands everything and 
can read and write. But the moment you close either his 
ear or eye-——these last windows into the external world— 
he infallibly lapses into oblivion and does not remember 
anything that happened to him during this interval, 

I chanced to have suitable material in the laboratory 
when operating on dogs; I am referring to material on the 
same subject of the necessity of a certain minimum of stim- 
ulations for the active state of the cerebral hemispheres,” 
For example, ihe following is a very vivid case which re- 
curred several times. You have a very lively dog, quickly 
reacting to everything, and you remove the greater poste- 
rior half of its cerebral hemispheres, i.e, the part where 
the centres for the eye and ear are located. I mean, of 
course, such cases when the operation is successful, with- 
out complications, without great injury and hacmorrhages. 
When you remove this posterior part of the cerebral hemi- 
sphere on one side, and the operation is successful, the 
animal feels almost normal the very next day. As always, 
upon your appearance it wags its tail, becomes lively, lets 
you know it wanis to eat, and this happens, I repeat, if 
not on the day after the operation, then by all means the 
day following. However, this occurs only if you have 
removed but half of the posterior divisions of the cerebral 
hemispheres. The situation changes entirely if you remove 
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a similar half of the other hemisphere some time later. In 
this case, the animal lapses for several days, a week and 
even longer, into continuous sleep and it has to be 
awakened to be fed. This case is entirely similar to the 
two other cases I mentioned above. Since the bulk of the 
stimulations reaches the cerebral hemispheres through the 
eye and the ear, the elimination of these stimulations by 
some means or other leads to reduced activily of the cere- 
bral hemispheres even to the point of their temporary com- 
plete rest. 

And so, the first condition essential for the active state 
of the cerebral hemispheres, established by I. Sechenov, is 
a certain minimum of external stimulations; without this 
condition the animal sinks into sleep, because its brain 
passes into a state of rest. But the samé stimulations which 
are necessary to maintain the brain in an active state under 
certain conditions evoke precisely the opposite state, they 
cause sleep. And this fact, an amazing fact, we, who are 
working with conditioned reflexes, have observed for many 
years. 

As is well known to all who are present here, conditioned 
reflexes are formed as follows: you take*some indifferent 
stimulus, for example, sound, light, etc., and repeat it with 
some constant reflex, say, the one the animal has to food, 
the food reflex. If you repeatedly combine this indifferent 
stimulus with an unconditioned, constant stimulus, this 
new agent itself becomes the cause of the same reaction 
which is produced by the unconditioned stimulus, t.e., in 
our case, the food reaction. When this formerly indifferent 
stimulus, for example, some sound, appears, the animal 
reacts to it as it would react to food. The animal turns to 
the side from which it is given food, licks its lips and 
salivates, allhough there is no food before it. It therefore 
follows that a new reflex, or as we call it, a conditioned 
reflex, has formed. It stands to reason that this conditioned 
reflex forms gradually and, in the course of time, the stim- 
ulus you have chosen becomes increasingly more effective, 
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And yet the following interesting fact subsequently 
comes to the fore. In all cases, despite the constant rein- 
forcement of this reflex, i.e., its accompaniment by the un- 
conditioned reflex, it sooner or later, within several weeks 
or months, disappears. And this is the amazing part of it. 
You constantly strengthen the connection and yet this con- 
nection seems to be destroyed. At first, it forms, then 
strengthens and, finally, disappears. 

How is this connection destroyed then? You observe that 
the longer you repeat the experiments, the more the animal 
lapses into a sleepy state and finally falls asleep and sleeps 
under the most unsuitable circumstances. You take the 
animal which has not eaten for a day or two, and feed it 
according to signal, that is, after the beginning of the con- 
ditioned stimulus, for’ perhaps a whole year, and yet, as 
soon as you bring this signal into play, the animal 
falls asleep and the positive reaction to this signal is 
eliminated. 

What is this state then into which the animal lapses? 
It would not be enough to call this state sleep. In many 
cases it is really distincl slecp with relaxed muscles, so 
that the dog passively hangs on the straps, falls, snores and 
does not react to external stimuli. But in many cases we 
have to extend this definition of the dog’s state and say 
that this is not only sleep, but a stale which resembles 
what we call hypnotic sleep. This will include such cases 
in which the animal docs not exhibit the usual signs of 
sleep; it does not hang on its straps, does not snore and yet 
its reflexes disappear and the animal itself seems to be in 
a state of torpor. Then there is another fact. Hypnotism, as 
is well known, engenders dissociation in the functions of 
the brain. You have a hypnotised subject and you can ask 
him questions or order him to do something: the subject 
understands, but at the same time he has lost control over 
his skeletal muscles and cannot change the position of the 
parts of his body, much as he may want to do so. Some- 
thing similar can also be observed in dogs. IL happens that 
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the dog retains its salivary reactiori: as soon as the signal 
begins to act, saliva is secreted. When food is subsequently 
brought, the flow of saliva increases. And yet the dog will 
not take the food, it just can’t take it. This lact is very 
similar to the one we encounter in man, There is yet 
another fact. There is something that resembles what we 
call suggestion; but if we speak about this, it will take us 
too far afield. 

And so, our conditioned stimuli, despite the fact that they 
are confirmed every day, in the long run, as strange as it 
may appear, fatally lead to this sleepy, hypnotic state, It 
should be noted that the onset of this sleepy state makes 
no exception for any stimulus, however strong it may be. 
For example, you may use the strongest electric current 
as a conditioned stimulus. A conditioned food reflex forms 
to this current; it does so without any difficulty, but the 
thing still ends the same way. In the course ol time, the 
food reaction will grow weaker and at lust you will he 
altogether unable to obtain it. 

Now some details. This state appears the sooner, the 
more often you repeat the feeding with your conditioned 
stimulus. In the beginning you always succeed in forming 
a conditioned reflex. But sometimes, as soon as you have 
formed the reflex, the sleepy state develops; al other times 
the disappearance of the reflex is delayed, as before stated, 
for a very long time. One thing is clear, however, the 
time at which the sleepy state appears depends on the 
number of repetitions of your conditioned reflex. 

But this is not the only condilion. This state sets in the 
sooner, the longer the interval between the beginning of 
the conditioned stimulation and the food, i.e., the longer 
the conditioned stimulus acts alone, without the uncondi- 
tioned stimulus. For example, if I form a reflex to a sound 
and feed the dog fifteen seconds after turning on the 
sound, the sleepy state will develop relatively late. If I 
prolong this interval from fifteen seconds to two minutes 
in the same animal in which this arrangement of the experi- 
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ment produces no signs of a sleepy state, the animal will 
very soon fall asleep. 

The onset of this sleepy state also depends on other 
factors, namely, the quality of the conditioned stimulus and 
the individuality of the dog. The dependence on the quality 
of the stimulus is as follows. When this subject was only 
being outlined in the laboratory, those who were working 
with it were prejudiced against using thermal stimuli of 
the skin as conditioned stimuli, because the experiments 
with them for some reason or other were always extra- 
ordinarily difficult and unsuccessful. Later, when this ques- 
tion attracted attention to itself and was tackled seriously, 
it was found that of all stimuli thermal stimuli evoked this 
sleepy slate the most readily. It is precisely thus with 
thermal stimulation, i.e., as soon as you have’ formed a 
reflex, the sleepy state begins to develop and you have to 
relinquish the experiments. Nexi in order after thermal 
stimuli are mechanical skin stimulations which also soon 
evoke a sleepy state. However, a very great diflerence is 
observed between the thermal and mechanical skin stimuli, 
and the more so between all the others. Thermal stimula- 
tions produce sleep within about ten days, whereas, for 
example, with an acoustic stimulus you will produce no 
sleep, much as you may try, even within a month. The 
mechanical skin stimuli will occupy an intermediate posi- 
tion, Thus, as optimum stimuli evoking a sleepy state, we 
must recognise the stimuli acting on the animal's skin, in 
the first place thermal and then mechanical. 

The other condition on which the rapidity of the ap- 
pearance of the sleepy state depends is the individuality of 
the dog. One animal lapses into sleep easily, another does 
so with greater difficulty. It should be noted that in this 
case we were somewhat mistaken. Formerly when this 
occurrence greatly hampered the experiments, we wanted 
to make sure and usually chose the liveliest dogs for our 
work. It turned out quite the contrary, these were pre- 
cisely the dogs in whom the sleepy state devcloped with 
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particular ease, whereas the calmer dogs with a more 
balanced nervous system did not succumb to sleep so 
easily. 

Lastly, we feel that there is one more important factor. 
If you take our stimuli by themselves, without connecting 
them with an unconditioned stimulus, they do not prove 
under those conditions to be hypnotic. If you simply apply 
heat to the dog’s skin for the same period of time, the 
sleepy state will not develop. It will develop only when 
you transform this stimulus into a conditioned stimulus, 
when you connect it with an unconditioned reflex. 

How are we to understand this? It seems to me that the 
cell of the cerebral hemispheres, if the stimulation is con- 
centrated in it and then frequently repeated, sooner or later 
gets into a state of special inhibition, unreceptiveness. As 
long as the external stimulus has not become conditioned, 
it is not concentrated and the stimulation spreads over the 
cerebral cortex. But as soon as it has become a conditioned, 
specific, concentrated stimulus, it attaches itself to one 
point and each time acts on the very same nerve cells. 
This concentration of stimulation at one spot, or, as we 
say in the laboratory, the hacking away at one cell, leads 
to the fact that this cell passes into a refractive state, a 
state of inhibition, unexcitability, and from here this state 
spreads over the entire cerebral hemispheres and becomes 
sleep, or, in cases of hypnosis, is somewhat delayed at the 
different stages of diffusion. 

Thus we see, on the one hand, that the first condition 
for the active state of the cerebral hemispheres is a cer- 
tain minimum of external stimulations, and on the other 
hand, we have found that prolonged accumulation of 
stimulation in one spot, the hacking away at one cell, in 
the long run, produces a resting state of the cerebral 
hemispheres, a state of sleep. 

When we obtained this sleepy state, not counting the 
cases in which we especially worked with it, we asked our- 
selves how we could dispel it, how we could do away with 
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it in order that it may not interfere with our work and 
how we could again produce an active slate of the cerebral 
hemispheres. At first we tried to act so that instead of one 
reflex we produced several reflexes. In this case, we used 
reflexes to loud sounds, high tones and intense stimulation 
of the skin, for example, by electricity, thus hoping to do 
away with the sleepy state. However, we could not attain 
our aim and our efforts failed in every instance, As strong 
as the stimulus may have been, the thing always ended in 
sleep just the same. And yet, adhering to the point of view 
that there must be such a maximum of stimulation at 
which this sleepy state will be overcome, we continued our 
experiments. And only when we made the enormous world 
of sounds our conditioned stimulus (experiments of Dr. 
M. Petrova)!! did we succeed in overcoming sleep. We had 
at our disposal about 40 phonograph records, which repro- 
duced singing, music, and speech, and we used now one 
and now another record. Thus, if it is a question of over- 
coming sleep by a variety of stimuli, it requires an in- 
credible number of stimuli, and if it is a question of sounds 
we must have at hand almost the whole world of acoustic 
phenomena. If boredom is regarded as something analo- 
gous, closely related to sleep, sleep with open cyes, it 
should be said, that he, who seeks to dispel it only by a 
variety of impressions, will attain very little. 

We discovered one more condition which hinders the 
development of the sleepy state. As is often the case, the 
facts pointing in this direction were at first noticed ac- 
cidentally and were systematised only later. A much more 
reliable way to eliminate the sleepy slate is a variety of 
nervous processes either in the form of different uncondi- 
tioned reflexes or in the form of different conditioned, now 
positive and now negative, i.e., inhibitory, reflexes, We 
have long since noted that during ihe experiments the dogs 
of some of our collaborators were asleep while those of the 
others remained awake. When we attended to this fact, 
we observed that this was conditioned by the nature of the 
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experiments. For example, each time the experiments were 
conducted only with processes of excitation, repeating the 
positive conditioned stimulations, a sleepy or hypnotic state 
resulted. But if, in addition to stimulation, processes of in- 
hibition were used, there was either no sleepy staic at all 
or it was very easily overcome. 

One of the dogs gave us particular trouble because of 
the ease with which it lapsed into sleep. This happened 
before our experiments with the phonograph records, We 
applied a host of various stimuli, but 10 no avail. However, 
this sleepy state disappeared when, in the course of the 
experiments, we decided to use the following combination: 
with the stimulation with cold we formed an acid reflex, 
and with the heat we connected the food reflex (experi- 
ments of Dr. P. Vasilyev!4). The dog had a hard time of it; 
the reflexes formed very slowly. When we finally succeeded 
in forming these reflexes, the dog lost sleep despite the fact 
that precisely thermal stimulations most easily dispose to 
sleep. Following this Dr. Vasilyev worked with this dog for 
several months, applying these thermal stimuli with 
absolute impunity. 

Thus we see that a variety of nervous processes is of 
much greater significance to the active condition of the 
cerebral hemispheres than is a variety of stimuli, however 
great it may be. 

It must be assumed that the aforesaid conditions for the 
active and resting states of the cerebral hemispheres are 
the basic or, at any rate, some of the fundamental con- 
ditions. A complete analysis of these conditions will prob- 
ably lead to enormous control over the activity of our 
cerebral hemispheres and to their extensive practical ap- 
plication. The mechanism of the work of the cerebral 
hemispheres is apparently opening up before us in its 
capital features. 


SOME FACTS ABOUT TIE PITYSIOLOGY 
OF SLEEP! 
(Jointly with Dr. L. N. Voskresensky) 


In our study of the so-called conditioned reflexes we 
often had to deal with the phenomena of sleep. Since 
these phenomena greatly complicated our experiments, 
disturbing them and deflecting them from their normal 
course, we were, naturally, compelled to devote special 
attention to them. Jn addition to accumulating isolated 
facts, two of our colleagues—N. A. Rozhansky and 
M. K. Petrova—-elaborated this problem most syslemati- 
cally. N. A. Rozhansky investigated that form of sleep, or 
somnolent state, which apparently results from the in- 
fluence of monotonous, indifferent stimuli, for example, the 
isolated environment in which the experimental animal is 
placed. When the animal is enclosed in an isolated chamber 
and placed in the stand, it gradually becomes drowsy, and 
then goes into deep sleep. Sleep also occurs under the in- 
fluence of definite, active stimuli from which strong condi- 
tioned stimuli have been elaborated. Under the influence of 
these stimuli there arises a sleeping hypnotic state in all 
dogs, and in some of them with particular ease. Recently 
Dr. L. N. Voskresensky had a case of this somnolent state 
which for us was somewhat unexpected, since numerous 
experiments had already been performed on this dog by 
Dr. A. M. Pavlova and no marked signs of sleep had been 
observed during those experiments. But now in the course 
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of our research, sleep unexpectedly intervened and con- 
stantly disturbed our experiments with conditioned re- 
flexes; as a result, the usual phenomena were sometimes 
entirely absent and sometimes distorted. How did this come 
about? At first we were not quite sure whether this state 
was really sleep, and attributed the disturbances to other 
causes. But thorough observation and various tests ex- 
cluded all other suppositions. All that remained was to 
admit the development of a state of sleep in the dog. But 
what caused it? When we closely considered all the details 
of the recent experiments performed on the dog, it appeared 
that the sleep was due to the following reasons. Prior to 
this peculiar period the experiment was usually begun the 
moment the dog was placed in the stand—it was subjected 
to the action of special conditioned stimuli and food was 
given as an unconditioned stimulus. These conditions did 
not produce a sleeping stale. Now, however, due to certain 
circumstances, the dog was left in the stand for a relatively 
long time, waiting for the beginning of the experiment. 
And it was the continuously acting, monotonous surround- 
ings which caused the gradual onset of a state of sleep. 
This interpretation proved to be perfectly reasonable. As 
the particulars relating to the development of a state of 
sleep were of great interest to us, we decided to investigate 
the question with the utmost thoroughness. 

First of all it appeared that from the quantitative point 
of view the environment acts with surprising precision, i.e., 
if immediately after the necessary preparations (fixing the 
different funnels, fastening the apparatus, etc.) you begin the 
experiment, the usual stimulations of the animal, there are 
no signs of the phenomena of sleep at all. But should a 
minute pass between the completion of the preparations 
and the beginning of the stimulation the first phase of sleep 
becomes manifest. If ten minutes pass you observe the next 
stage of sleep and so forth. Thus the sleep-producing in- 
fluence of the environment can be truly dosed. This made 
possible an easy study of the course of sleep, of the som- 
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nolent state which develops under these conditions. And 
here are the results of our observations. During the exper! 
ments we usually had before our eyes two reactions of the 
animal; on the one hand, there was a secretory reaction, a 
flow of saliva; on the other—a motor reaction—the dog 
seized the food offered to it. In other words, these were 
the motor and secretory reflexes. It turned out that the 
strictly law-governed development of the observed phe- 
nomena depends on the quantitative influence of the sopo- 
rific environment; this is shown in the following table: 


Phases of Rellexcs* a ) 
ema hs 
State of ihe dog | sleep Seal oty | may 
Awake a , 
: ‘ = A ny 
Asleep HI ae x Deep 
H a. ae sleep 
pny fs 
Awahe 1: : 


* The sign + signifies the presence and the sign — the absence of 
a reflex, 


In the wakeful state both the secretory and the motor 
reflexes are present. Immediately after the conditioned 
stimulus begins to act a secretion of saliva appears, and 
the dog takes the food as soon as tt is offered. Thus both 
reflexes are effective. Now we keep the dog under the in- 
fluence of the surroundings ai least for two minutes, ic, 
when the preparations for the experiment are finished, we 
let two minutes pass, and then apply the conditioned stimu- 
lus. The first phase of the state of sleep is then observed. 
It is manifested thus: the secretory reflex disappears; the 
conditioned stimulus no longer acts; bul when the dog is 
offered food il immediately seizes it, which shows that 
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the motor reflex persists. Now you augment the influence 
of the surroundings, i.e., for example, you keep the dog 
waiting ten minutes before the experiment begins. Then its 
sleep deepens, and another kind of reaction is observed, 
which, strange as it may seem, is of a reverse nature and 
represents the second phase of the state of sleep, the dog 
exhibits a secretion of saliva, but does not take the food, 
and even turns away from it. Thus the salivary reaction 
which is absent during the first phase of sleep, reappears 
in the second, while the motor reaction disappears or even 
passes into a negative reaction; the dog not only refuses 
food but even turns away from it. If the dog is left in the 
soporific surroundings for a period lasting from half an 
hour to one hour before the beginning of the experiment, a 
complete, deep sleep sets in, and both reflexes vanish. Now 
let us wake the dog from its deep sleep. This can be done 
at once, and the simplest method is to apply a strong sound 
stimulus. In our laboratory we use a very loud ratile, which 
wakens the dog instantaneously. The animal immediately 
returns to a normal alert state. However, a more delicate 
stimulus may be used. 

One of the custamary methods of gradually dispelling 
sleep is to feed the dog at definite intervals; feeding may 
be even begun with the forcible introduction of food into 
the mouth, Then you can observe the phases described 
above but in reverse order. After the deep sleep the secre- 
tory reflex is present but the dog does not take the food. 
Later on, the secretory reflex fails to appear; however, the 
dog eats. And finally, after frequent repetitions of the feed- 
ing, both reflexes reappear. Now I shall call your aitention 
to some authentic figures. Take, for example, a dog that 
has just been fastened in the stand; we begin at once to 
apply certain conditioned stimuli and a secretion of saliva 
appears. Our scale shows thirty-seven divisions, which in- 
dicates a normal salivary reaction. It should be added that 
the following precaution was observed by us in order to 
ensure strict precision in our investigation. The chamber 
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itself had a hypnotising effect on the dog; the moment 
the lively, mobile and responsive animal was brought into 
the experimental room, it changed entirely. It goes with- 
oul saying that the state of sleep deepened when the dog 
was placed in the stand and prepared for the experiment. 
In order to determine exactly the moment of the passage 
from the wakeful to the sleeping state, we did everything 
to prevent sleep while the dog was being fastened and the 
apparatus attached to it; we called it by name, stroked 
it and patted it. When everything was ready, we would 
quickly leave the chamber and begin the experiment im- 
mediately. In this way we obtained the above-mentioned 
normal secretory reaction, equalling thirty-seven divisions 
of our scale; the motor reflex was also present. In the next 
experiment we allowed the surroundings to act on the 
animal for a space of two minutes, and the following was 
observed: the secretory reflex failed to appear al all, not 
a drop of saliva was secreted in response to our conditioned 
stimulus, but the dog took the food at once, Next time we 
let the surroundings act for four minutes; we obtained 
twenty divisions of saliva but the dog took ihe food only 
in forty-five seconds, and even then only when the food 
was brought into contact with its mouth. Finally, when 
we allowed the surroundings to act for half an hour or an 
hour, all the reflexes disappeared. 

The procedures were, of course, varied by us, so that 
we were able to obtain both phases of sleep in one and the 
same experiment. For example, the dog remained in the 
chamber for seventy-five seconds; as a result, the secretory 
reflex was zero, but the food was taken at once. Then we 
let an hour pass, leaving the dog alone. The excitation pro- 
duced by a single meal neutralised to some extent the 
soporific influence of the surroundings, and only the second 
phase was observed: the secretion of saliva cqualled 
twenty-two divisions, and the dog ate the food only for 
about half a minute after the food had been brought into 
contact with the mouth. Here is another concrete inslance 


57 


of how sleep is dispelled. The dog is in a deep sleep and in 
order to arouse it we apply, among others, a weak stimu- 
lus: someone enters the chamber where the dog is kept in 
the stand. The noise produced by the person entering the 
chamber, and perhaps his odour, slightly disturb the ani- 
mal’s sleeping state. If we now apply the conditioned stimu- 
lus we obtain twenty-four divisions of saliva, but the dog 
takes the food fifty seconds later, not of its own accord, 
however, but only when it is put into its mouth. We then 
feed the dog once or twice, thereby stimulating it; we dispel 
the state of sleep and observe a transition to the following 
phase: the secretory effect is diminished, there are only ten 
divisions of saliva and the food is taken by the dog after 
twenty seconds. Whereas in the preceding case the dog 
ate the food after fifty seconds and trom the expcrimenter’s 
hand, now it takes the food of its own accord and only after 
twenty seconds. With a fresh stimulus applied after twenty 
minutes, the secretory reflex 1s zero, and the dog eats the 
food almost immediately. Finally, when the next condi- 
tioned stimulus is applied, thirty-five divisions of saliva are 
secreted, and the dog takes the food right away. This sig- 
nifies the presence of a perfectly alert state. 

Hence, we must recognise as a thoroughly established 
fact that the processes of falling asleep and of awakening 
influence our two reflexes in a strictly definite way. We 
witnessed a very interesting fact which is, above all, of 
practical importance, since it enabled us to control the 
animal and to remove the influences which interfered with 
the experiment. It sufficed to feed the dog two or three 
times, or to prevent the surroundings from acting on it at 
the beginning, to make us masters of the situation; sleep 
did not disturb our experiments with the conditioned re- 
flexes. Now the question arose: How to interpret this 
phenomenon? Certainly it is a complicated question and 
for the time being only an approximate answer can be 
given. Our colleagues N. A. Rozhansky and M. K. Petrova, 
on the basis of their experimental data, have come to the 
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conclusion that both states of sleep observed by them rep- 
resent an inhibitory process and that in one case it spread 
from several points of the cerebral hemispheres (case of 
Rozhansky), and in another case—from one definite point 
(Petrova). Our fact, it would seem, confirms this conclusion, 
since in our experiments there was actually in evidence 
_a localisation and even a movement of the somnolent state 
in the cerebral hemispheres. 

How can this movement of sleep inhibition be better 
traced in the cerebrum? A similar question arose and was 
successfully investigated in connection with another kind 
of inhibition, the so-called internal inhibition. A few 
months ago one of us addressed you here on this subject.“ 
This investigation gives us reason to hope that we may 
achieve the same with regard to sleep inhibition. The 
simplest way would be to trace the movement of this 
slecp inhibition in a definite part of the cerebral hemi- 
spheres, since, as shown by our experiments concerning 
the irradiation of, say internal inhibition over the entire 
hemisphere, certain circumstances greatly complicating 
the picture are met with in this case (probably, the bor- 
der-line layers between different parts of the hemispheres, 
various degrees of energy of stimulation, etc.). Exper- 
iments in this direction are now performed in our labo- 
ratory. It is more convenient io trace ihe movement of 
sleep inhibition in that part of the cerebral hemispheres 
which relates to the skin, being, as it were, its projection 
in the brain. Moreover, the conditioned stimulation of the 
skin provokes a sleeping state quite easily. If we assume 
that this sleeping state arises preciscly at the point of 
stimulation, we see how this inhibitory movement spreads 
from this point over the entire cutaneous area of: the 
brain; it will then be possible to determine how far and 
how quickly this process spreads. But, for the time being, 
this is only a hope. 


PSYCHIATRY AS AN AUXTLIARY 
TO THE PHYSIOLOGY OF THE CEREBRAL 
HEMISPHERES 


My earlier researches on the circulation of the blood 
and on digestion led me to the firm conviction that the 
physiological mode of thinking may derive great help 
from the study of clinical cases, ic, from the countless 
number of diverse pathological variations and combinations 
of the functions of the human organism. For this reason, 
during many years of work on the physiology of the cere- 
bral hemispheres I often thought of making use of the 
world of psychiatric phenomena as an analytical auxiliary 
to this physiological study. Indeed, instead of applying our 
usual method which, as a mode of analysis, consists in 
destroying certain parts of the brain, and is very crude 
compared with the complexity and delicacy of the mecha- 
nism under investigation, one might expect in some cases 
to achieve a more distinct, precise and detailed decompo- 
sition of the work of the brain as a whole into its separate 
elements, to obtain a delimitation of its functions result- 
ing from pathological causes, which sometimes reach a 
very high degree of differentiation. 

In the summer of 1918 I had at last the opportunity to 
study a number of cases of insanity. And as it seems to 
me my former hopes have not been in vain. In some in- 
stances, I saw excellent demonstrations of points more 
or less explained in physiology; in others, new aspects of 
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the work of the brain were brought to light, new questions 
and unusual problems for laboratory investigation arose. 

My attitude towards the psychiatric material, however, 
differed greatly from the usual attitude of speciahsts. Due 
to a definite inclination of thought developed during years 
of laboratory practice, I always reusoned on a purely 
physiological basis and constantly explained to myself 
the psychical activity of the patients in definite physiolog- 
ical concepts and terms. This did not present any great 
difficulty for me, since my attention was concentrated not 
on the details of the subjective state, but on the principal 
features and phenomena of one or another state of the 
patient. How this was achieved will be partly seen from 
the following account. 

In this article I shall describe and analyse the symptoms 
observed in two patients. One was an educated, well-bred 
girl, twenty-two or twenty-three years old. We find her 
lying motionless in bed in the hospital garden, her eyes 
half closed, At our approach she does not speak of her 
own accord. The physician accompanying me tells me that 
this is now her usual state. She refuses to eat without 
assistance and is untidy. She appears to understand our 
questions about her family, and remembers everything 
perfectly; she answers correctly, bul with great effort and 
after considerable delay. The patient exhibits a strongly 
pronounced cataleptic state. She has been ill for years, 
at times almost fully recovering, at others relapsing and 
manifesting a considerable variety of symptoms; her pres- 
ent state is one of these relapses. ° 

The second patient is a man aged sixty. He spent twenty- 
two years of his life in hospital, lying like a living corpse, 
without the slightest voluntary movement and absolutely 
speechless; he was fed artificially and was untidy. During 
the past few years, as he was approaching sixty, he began 
more and more often to make voluntary movements. At 
present he is able to get up and go to the lavatory; he 
talks volubly and quite reasonably, and sometimes eats 
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without assistance. Recalling his former state, he said 
that he had been conscious of his surroundings, but had 
experienced such extreme and insuperable heaviness in 
his muscles that he could hardly breathe. And this was the 
reason why he could neither move, eat, nor speak. The 
- disorder began to develop when he was thirty-five. Tonic 
reflexes were recorded in the history of the case. 

How should one assess the physiological state of the 
two patients? 

In order to answer this question let us consider the 
strongly pronounced motor symptoms which are observed 
in both cases: the catalepsy of the first patient and the 
tonic reflexes of the second. When do these symptoms 
manifest themselves in animals? A long time ago Schiffl6 
observed cataleptic phenomena in a rabbit deprived of the 
cerebral hemispheres. Decerebration introduced by Sher- 
rington!’ is a simple method of obtaining distinct tonic re- 
flexes in cats. Intoxication by certain narcotics, for 
example, urethan, also produces cataleptic phenomena. In 
all these cases there occurs an elimination of the activity 
of the cerebral hemispheres without the suppression of the 
lower parts of the brain; in the first two cases this is due to 
a specific property of the brain tissue of the given animals, 
as well as to the freshness of the operation, i.e, to the 
absence of subsequent reactive phenomena; in the case 
of intoxication by urethan it is due to the presence in 
the latter of an ammoniac grouping which produces a 
stimulating action on the lower motor centres. Such an 
isolated exclusion of the cerebral hemispheres, the nerv- 
ous organ of tthe so-called voluntary movements, reveals 
the normal activity of the lower parts of the nervous 
motor apparatus. This activity is designed first of all for 
equilibrating the organism and its parts in space, which 
represents the equilibration reflexes, always functioning 
under normal conditions and at the same time constantly 
disguised by voluntary movements. Thus, catalepsy is a 
normal and permanent reflex which manifests itself in a 
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distinct and patent way only when the action of the cere- 
bral hemispheres is excluded as in the above-mentioned 
case. As for the tonic reflexes, they are the elements of 
this complex reflex. 

Consequently, the existence of the same mechanism 
must be assumed in our patients, ic., exclusion of the 
activity of ihe cerebral hemispheres. It is clear, however, 
that here only the activity of the motor region of the cere- 
bral hemispheres is excluded, since our patients, unable 
to make any voluntary movements or suffering extreme 
impairment of this function, are able, at the same time, 
as can be seen or as they themselves acknowledge, tio 
understand perfectly well what they are Lold; they also 
remember everything and are conscious of their state, 
i.e, the work of all the other parts of their cerebral hemi- 
spheres is quite satisfactory. 

The strictly isolated inhibition of the motor region of 
the cerebral cortex is observed also in other cases, in 
other definite states inherent in man and animals. A sub- 
ject in a certain degree of hypnosis understands your 
words quite well, retnembers them and is willing to do some- 
thing in connection with the conversation, but he has no 
power over his skeletal muscles and remains in the posture 
imparted to him, even though it is uncomfortable and he 
does not like it, Apparently, this phenomenon is essen- 
tially accounted for by a fully isolated inhibition of the 
motor region of the cerebral cortex, an inhibition which 
does not spread either over other parts of the hemispheres 
or to the lower levels of the brain mass, I have often 
observed a similar slate in dogs when I worked in the 
laboratory with the so-called conditioned reflexes. Jointly 
with Dr. Voskresensky I studied these relations with par- 
ticular precision and in a most systematic way on one of 
our dogs.'8 For weeks and months this dog was often left 
alone in the room for a long time, strapped in the stand 
without being subjected to any experimental influence. 
As a result, the enlire environment of the room became 
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for the dog a soporific agent, to the degree that the 
moment it entered the room, its behaviour immediately 
changed. Strictly measuring the influence of this agent by 
varying the duration of its action we could clearly see 
the separate phases in the development of the sleeping 
state. The following phenomena were observed. The so- 
called conditioned food reflex for sound (association) was 
elaborated in the dog, i.e, at a definite sound the dog 
exhibited an alimentary reaction: it secreted saliva and 
made appropriate movements, licking its lips, turning in 
the direction from where the food was usually offered, 
and eating the food the moment it was offered. With the 
first signs of the sleeping state the conditioned salivary 
reflex to the sound disappeared, but the motor reflex to 
the sight of food remained quite noimal, ic., the dog 
began to eat without any delay. This first phase was 
followed by another one, which was quite unexpected and 
of considerable interest. Now the conditioned salivary 
reflex to the sound reappeared and became intensified with 
the addition of the natural conditioned stimuli proceeding 
from the food itself. But the motor reflex was absent—the 
dog did not take the food, even turned away from it and 
resisted its forcible introduction. In the following phase— 
the phase of profound sleep—all reactions to food, natu- 
rally, variished. When the animal was deliberately awak- 
ened (by means of strong stimuli) the phases indicated 
above manifested themselves in reverse order as the sleep- 
ing state gave way. The second phase, naturally, could be 
interpreted as follows: the motor region of the cortex was 
already embraced by sleep inhibition while all other parts 
of the cerebral hemispheres still functioned quite satisfac- 
torily and manifested their activity on an organ fully in- 
dependent of the motor region—on the salivary gland. It 
is impossible not to see here a complete analogy with a 
person who is being awakened by you; he understands 
and even admits that you are rousing hin at his own 
insistent request, but he cannot overcome ihe influence 
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of sleep, begs you to leave him alone or he becomes angry 
and even aggressive when you persist in fulfilling his re- 
quest and continue to disturb his sleep. 

The ficst phase and its replacement by the second when 
the sleep becomes more profound, can be explained thus: 
since in our case the entire environment of the room, i.e, 
all the stimuli affecting the eyes, ears and nose, acts as 
a soporific agent, the parts of the cerebral hemispheres 
corresponding to these stimuli were the first to be sub- 
jected to sleep inhibition, the latter, though still super- 
ficial, was slrong enough to suppress the conditioned 
action of the stimuli. At the same time the soporific in- 
fluence was not yet sufficient to inhibit the more power- 
ful part of the cortex~—the motor region. But when monol- 
onous cutaneous and motor stimuli (due to the limited 
movement in the sland) were added lo the sleep-producing 
acLion of the room, sleep inhibition extended also to the 
motor region, And now this part of the cortex, being the 
strongest, altracted sleep inhibition from all other parts 
in accordance with the law of concentration of the nerv- 
ous process; it thereby once more liberated them tempo- 
rarily from this inhibition, until with the ever-increasing 
action of all soporific agents the sleep inhibition embraced 
all parts of the cerebral hemispheres with an equal and 
sufficient intensity. 

And so we have sufficient grounds for granting the 
existence in the above-described patients of a concentrated 
and isolated inhibition of the motor region of the cerebral 
cortex as a result of the pathogenic cause. 

What objections, from the clinical point of view, can 
be raised against our interpretation of the symptoms in our 
above-mentioned patients? I shall cite the arguments or 
the seeming inconsistencies with clinical cases which were 
pointed out by the psychiatrists when we informed them 
of the results of our analysis. Some of them, were inclined 
ta see in Lhe cases cited by us a state of stupor evoked by 
strong emotions. Bul in the first place, this concerns the 
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cause of the symptoms and not their mechanism. Evident- 
ly cases of stupor, ie., of similar cataleptic states, may 
occur under the influence of strong, unusual stimulations 
caused by sounds of extraordinary intensity, by uncom- 
mon pictures, etc.; a very strong stimulation of certain 
parts of the hemispheres may lead to the inhibition of 
their motor region and thus create favourable conditions 
for the manifestation of the equilibrating reflex. In the 
second place, in the above-mentioned patients there are 
no indications of the existence of such a mechanism, and 
nothing reveals the presence of any extraordinary stimuli; 
one of the patients plainly points out the extreme difficul- 
ty, the impossibility of voluntary movements. 

Further, it was stated that in progressive paralysis a 
destruction of the cerebral hemispheres is proved even 
on a pathological anatomical basis, although catalepsy is 
absent. However, in this case there is no complete elim- 
ination of the motor activity of the cerebral hemispheres 
either. The patients are able to make many voluntary 
movements though they are badly co-ordinated; besides, 
they often exhibit phenomena of extreme motor excitability 
of the cortex in the form of convulsions. Consequently, here 
the main condition for the manifestation of a pure equili- 
brating reflex is absent. 

Reference was made ito cases of thrombosis and 
haemorrhage in the cerebral hemispheres, which are ac- 
companied by paralysis and not by catalepsy. Bul again 
this is not a condition which provokes catalepsy. In these 
cases one observes the absence of even spinal reflexes, It 
is clear that the inhibitory action of the destruction ex- 
tends even to the spinal cord. And this inhibition must 
manifest itself all the more in the parts of the brain 
adjacent to the cerebral hemispheres. 

Thus, the clinical cases of cerebral diseases do not reveal 
any actual inconsistencies with our analysis of the patho- 
logical state of the patients; therefore, in definite cases the 
mechanism of the pathological activity of the cerebral 
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hemispheres suggested by us must be acknowledged as 
quite real. The fact that after more than twenty years of 
illness the patient described in our second case shows 
signs of returning to normal state, also Jeads us to inter- 
pret the general symptoms as an inhibition of the motor 
region of the cortex. This means that all the time his 
state was of a functional rather than of an organic, patho- 
logico-anatomic nature. 

Analysing further the state of our patients we must 
point to another essential circumstance. Although, accord- 
ing Lo present-day physiology, the cortical motor elements 
controlling different movements (skeletal, verbal, ocular, 
etc.), are localised in different parts of the cerebral hemi- 
spheres or, so to speak, scattered over them, neverthe- 
less, in our patients they are all united by a common in- 
hibition contrary to all other elements of the hemispheres 
which remain at the same time more or less free. This 
leads us to the important conclusion that all the motor 
elements possess common features in respect of their 
structure or chemical constitution, or, most probably, of 
both. Therefore, their relation to the cause originating the 
pathological symptoms is the same, and in this respect 
they differ from other cortical elements—visual, auditory, 
etc. This difference between certain elements of the cortex 
naturally manifests itself also in the above-mentioned 
phases of hypnosis and sleep when, influenced by one and 
the same cause, some elements are in one state and others 
ina different stale.* 


* This difference between the cellular clements of the cercbral 
cortex must be regarded as being incontestable, especially since in 
the physiology of the peripheral nerves we constanuly meet with 
a strongly pronounced individuality (excitability, relative strength, 
etc.) of the nerve fibres (and of their peripheral endings) of differ. 
ent functions. This individuality underlies the methods by means 
of which the differentiation of these different fibres of one and 
‘the same anatomic trunk can be effected. Let us recall, for example, 
i methods used in separating vasoconstrictor from vasodilator 

res. 
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Let us now answer the following question: What cause 
actually determines the given symptoms? Different assump-~ 
tions are, of course, possible. There may be a definite toxic 
action, the sphere of influence of which is naturally limited 
by the individual peculiarities of the separate cortical 
elements that have just been mentioned. One can also as- 
sume exhaustion of the elements of the cortex resulting 
either from the general exhaustion of the organism, or 
only from overfatigue of the brain, from exhaustion con- 
centrated in definite elements of the brain either because 
of the predominant part of these elements in the work pro- 
ducing the exhaustion, or again as a result of their specif- 
ic nature. Finally, there is the possibility of direct or in- 
direct (the last resulting from local changes in blood cir- 
culation or in general nutrition) reflex influences which 
may effect injuriously and also in an elective manner 
different elements of the cortex. Hence, in different cases, 
in spite of the similarity or even identity of the mechanism 
of the given complex of symptoms, the causes producing 
them may not be the same. 

Finally, the following question is also of definite interest 
to us: what is the explanation for the case of our second 
patient, in whom the inhibition of the motor region of the 
cerebral cortex, having remained for twenty years almost 
at the same level of intensity, at last began drastically to 
diminish? This can be accounted for only by the patient’s 
age. Approaching the age of sixty, when a sharp decline 
in the strength of the organism and the process of its 
aging usually becomes pronounced, he began to return to 
his normal state. How is this connection to be interpreted? 
If a certain toxic agent acted in this case then, with the. 
senile transformation of the body’s chemism, there could 
take place a weakening, diminution of the agent producing 
this action. If the principal cause of the disease was 
chronic exhaustion of the nervous substance, then, with 
the senile transformation of the brain (lesser reactivity 
and lesser functional destructibility of the brain which is 
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manifested in a sharp weakening of the memory for cur- 
rent events), this cause could now be less pronounced. 
Since sleep and hypnosis should be regarded as a kind of 
special inhibition, it may be admitted that our second 
patient presented an example ‘of chronic partial sleep or 
hypnosis. With the advent of old age there is in evidence 
a relatively greater decline of the inhibitory processes, 
expressed in senile talkaliveness, fantasticality, and in 
extreme cases, in dotage. In view of this, the recovery of 
the patient may be attributed to the senile decline of the 
inhibitory process. 

It can hardly be disputed, I think, that the physiological 
analysis of the above cases raises before the physiology 
of the brain many new problems which can be investigated 
in the laboratory. 


CONCERNING THE SO-CALLED HYPNO'TISM 
IN ANIMALS!9 


The so-called hypnotism of animals (the experimentum 
mirabile of Kircher) consists in the fact that by means 
of energetic action, overcoming all resistance, thé animal 
is brought to an unnatural posture (laid on its back) and 
kept thus for a brief space of time. Afterwards, when the 
hands are removed from the animal, the latter remains 
motionless for many minutes and even hours. Different 
authors, noting one or other detaij of this phenomenon, 
have explained it in various ways. At present, thanks to 
the systematic study of the normal activity of the brain, I 
am in a position to indicate the biological significance of 
this phenomenon and to give an exact and full explanation 
of its physiological mechanism; thus I am able to combine 
all the separate facts of the different authors. The phenom- 
enon represents a self-protecting reflex of an inhibitory 
character. Faced with an overwhelming power, from which 
there is no escape in struggle or in flight, the animal’s only 
chance of’salvation is to remain immobile in order not to 
be noticed, since moving objects attract particular atten- 
tion, or not to provoke by fussy, restless movements an 
aggressive reaction on the part of this overwhelming force. 
Immobility is brought about in the following manner. 
Extraordinary external stimuli highly intense or very 
unusual in form, first of all cause a rapid reflex inhibition 
of the motor region of the cerebral cortex which controls 


70 


the so-called voluntary movements. Depending on the 
intensity and duration of the stimulus, this inhibition is 
either confined to the motor region and does not pass to 
other regions of the cerebral hemispheres and to the mid- 
brain, or it irradiates over all these parts. In the first case 
there are present reflexes of the eyes muscles (the animal 
follows the experimenter with its eyes), of the glands 
(when food is offered, there begins a secretion of saliva, 
although no skeletal movements in the direction of food 
are observed), and finally tonic reflexes from the mid-brain 
to the skeletal muscles in order to retain the position into 
which the animal has been brought (catalepsy). In the 
second case all the above-mentioned reflexes gradually 
disappear, and the animal passes into an absolutely pas- 
sive, sleeping state accompanied by a general relaxation of 
the musculature. This course of the phenomena is further 
confirmation of the conclusion which I reached at a pre- 
vious meeting of our section, namely, that the so-called 
inhibition is nothing more than sleep, but partial and local- 
ised. It it clear that the rigidity and stupor which seize 
us in cases of great fear is nothing else but the above- 
described reflex. 

P.S. It should be added that during the period when I 
did not have physiological literature at hand, which I 
managed to get only in ihe spring of 1922 in Helsingfors, 
a number of other authors came to this same eonetUP ion 
concerning hypnosis in animals. 


RELATIONS BETWEEN EXCITATION AND INHIBITION, 
DELIMITATION BETWEEN EXCITATION 
AND INHIBITION, EXPERIMENTAL NEUROSES 
: IN DOGS?20 


Dedicated to the memory of my best friend, 
Professor Robert Tigerstedt, to whom 
physiology owes so much for his investiga- 
tions and for his work in promoting physi- 
ological knowledge and physiological re- 
search. 


All the factual material which follows relates to the 
work of the cerebral hemispheres and has been obtained 
by the method of conditioned reflexes, i.e., reflexes formed 
in the course of the animal’s individual life. Since the con- 
cept of conditioned reflexes is not yet generally known 
and recognised among physiologists I shall, for the pur- 
pose of avoiding repetition, refer the reader to my articles 
recently published in these archives (1923). 

Proceeding from the big differénce between the phenom- 
ena, we had to distinguish two kinds of inhibition in the 
work of the cerebral hemispheres——external and internal— 
according to our terminology. The former appears in our 
conditioned reflexes at once; the latter develops with the 
passage of time and is elaborated gradually. The first is 
an exact repetition of the well-known inhibition in the 
physiology of the lower part of the central nervous system, 
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which appears when stimuli acting on the various centres 
and evoking different nervous activities, meet; the second 
can be inherent only in the cerebral hemispheres. It may 
be, however, that the difference between these kinds of 
inhibition is connected only with the conditions of their 
emergence and not with the essence of the process ifself. 
This question is still being investigated by us. The pres- 
ent article deals only with internal inhibition; further, 
I shall call it simply inhibition, without the adjective, al- 
though each time implying internal inhibition. 

There are Lwo conditions, or to be more precise, one 
condition, the presence or absence of which determines 
whether the impulse brought into the cells of the cerebral 
hemispheres from dhe outside chronically provokes a prac- 
ess of excitation or a process of inhibition. In other 
words, the impulse will in one case become positive and 
in the other negative. This fundamental condition consists 
in the following: if the stimulation coming to a cerebral 
cell coincides with another extensive stimulation of the 
cerebral hemispheres, or of a definite lower part of the 
brain, then it will always remain positive; given the reverse 
condition it will, sooner or later, become a negative, in- 
hibitory stimulus. Of course this indubitable fact gives rise 
to the question: Why is this so? But so far there has been 
no answer to this question. Thus, we must procced from 
this fact without having analysed it. Such is the first basic 
relation between excitation and inhibition. 

Physiologists have long been aware of the irradiation 
of the excitatory process. The study of the higher nervous 
activity led us io the conclusion that the inhibitory proc- 
ess, too, spreads, under certain conditions, from the point 
where it originated. The facis underlying this conclusion 
are perfectly plain and obvious. Now, if the excitatory 
process spreads from one point, and the inhibitory process 
from another, they limit cach other and confine each other 
to a definite area and within definite bounds. In this way 
a very delicate functional delimitation of separate points 
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of the cerebral hemispheres can be obtained. When these 
separate points are subjected to excitation under corres- 
ponding conditions, it can be easily explained by the 
scheme of the cellular construction. But this interpretation 
meets with certain difficulties when there is an excitatory 
or inhibitory process related to various intensities or other 
similar variations (for example, to different frequencies of 
the metronome beats) of one and the same elementary 
external stimulating agent. In order to explain this on the 
basis of the same simple cellular scheme, it would be nec- 
essary to assume as a point of application of this agent 
not a single cell but a group of cells. In any case, it is 
actually possible to associate the excitatory process with 
one intensity of a certain elementary agent and the in- 
hibitory process with another. Thus, the second general 
relation between excitation and inhibition consists in Lheir 
mutual spatial limitation, in their delimitation. A clear 
demonstration of this is obtained by the experiments with 
mechanical stimulation of various points of the surface 
of the skin. 

Thus, we have to assume that a certain conflict takes 
place between two opposing processes which normally 
ends in the establishment of a definite equilibrium belween 
them, in a definite balance. This struggle and this equili- 
brium confront the nervous system*with a difficult task. 
We have seen this from the very outset of our research, 
and we are seeing it now. This difficulty is often mani- 
fested in the animal in the form of motor excitation, 
whining and dyspnoea. But in most cases equilibrium 
finally sets in; each process is allotted its place and time, 
and the animal becomes perfectly quiet, reacting to re- 
spective stimuli now by the excitatory, now by the inhibi- 
tory process. 

Only under certain conditions does this conflict end in 
disturbance of the normal nervous activity; then a patho- 
logical state sets in which lasts for days, weeks, months 
and perhaps even years, and either gradually returns to 
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the normal of itself after the experiments have been dis- 
continued for a time and the animal has been allowed 
rest, or it must be eliminated by definite treatment. 

These special cases at first emerged spontaneously, un- 
expectedly, but later they were deliberately produced by 
us for research purposes. We describe them here in chrono- 
logical order. 

The first of these cases was obtained by us a long time 
ago (experiments of Dr. Yerofeyeva?!), It consisted in the 
following. The conditioned food reflex was elaborated in 
the dog not from an indifferent agent, but from a destruc- 
tive one, provoking an inborn defensive reflex. The ani- 
mal’s skin was irritated by an electric current, and at the 
same time the animal was fed, at first even forcibly. In the 
initial phase a weak current was applicd, but later it was 
increased to the maximum. The experiment ended thus: 
the strongest current, as well as the severe burning and 
mechanical destruction of the skin, provoked only a food 
reaction (a corresponding motor reaction and a secretion 
of saliva) without any sign of a defensive reaction, or even 
of any change in respiration and heartheat—the usual 
accompaniments of this reaction. Evidently this result was 
obtained by transferring the external excitation to the 
food centre and siinultancous inhibition of the centre of 
the defensive reaction. This specific conditioned reflex 
persisted for monlhs, and prohably would have remained 
unchanged under the given conditions had we not begun 
to modify it, systematically transferring the electric irrita- 
tion ‘to new points of the skin, When the number of these 
points became considerable, the picture suddenly and 
abruptly changed in one of our dogs, Now only a very 
strong defensive reaction manifested itself everywhere, 
even in the first location of the skin stimulus and under 
the action of the weakest current; there was no trace of 
the food reaction. 

The old result could not be reproduced. The dog which 
had previously been quict became greatly excited. In an- 
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other dog a similar result was obtained only when—not- 
withstanding the large number of points on the skin from 
which we could produce only an alimentary reaction un- 
der the application of a strong current—we frequently and 
quickly, in the course of one and the same experiment, 
transferred the irritation from one place to another. We 
had to allow rest to the dogs for several months, and only 
in one of them were we able, acting slowly and cautiously, 
to restore the conditioned food reflex to the destructive 
agent, 

The second case of a similar character was observed 
somewhat later (experiment of Dr. N. R. Shenger-Krestov- 
nikova”), A conditioned food reflex was brought about 
in a dog by a circle of light projected on a screen placed 
in front of the animal. We then began to elaborate a dif- 
ferentiation of the circle from an ellipse of the same size 
and intensity of light, ie., the appearance of the circle 
was accompanied each time by feeding, whereas that of 
the ellipse was not. In this way the differentiation was ob- 
tained. The circle evoked a food reaction, but the ellipse 
remained ineffective, which, as we know, is a result of 
development of inhibition. The ellipse which was applied 
first greatly differed in form from the circle (the propor- 
tion of its axes was 2:1). Then the form of the ellipse 
was brought closer and closer to that of the circle, i.e., 
the axes of the ellipse were gradually equalised, and thus 
sooner or later we were able to obtain an increasingly 
delicate differentiation. But when we applied an ellipse 
whose axes were as 9:8, the picture abruptly changed. 
The new delicate differentiation, which always remained 
incomplete, persisted for two or three weeks, afler which 
it not only disappeared itself, but caused the loss of all 
earlier, even the least delicate, differentiations. The dog, 
which previously behaved quietly in the stand, was now 
constantly moving about and whining. All differentiations 
had to be elaborated anew, and the crudest one now de- 
manded much more time than at first. When the final 
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differentiation was reached, the same story was repeated 
—all the differentiations vanished, and the dog again be- 
came excited. 

Some time after these observations and experiments 
we set ourselves the task of investigating this phenomenon 
more systematically and in more detail (experiments of 
Dr. M. K. Petrova-!). Since it was possible to conclude 
from the above-mentioned facts that the derangement of 
normal relations was caused by a difficult collision be- 
tween the excitatory and inhibitory processes, we carried 
out on two dogs of different types—one very lively and 
the other inactive and quiet—experiments first of all with 
various inhibitors and their combinations. Together with 
the conditioned reflexes, delayed for three minutes, i.e, 
when the unconditioned stimulus was added to the condi- 
tioned only three minutes afler the beginning of the latter, 
owing to which the positive effect of the conditioned reflex 
appeared only after a preliminary inhibitory period of one 
or two minutes, other kinds of inhibition were applied 
(differentiation, etc.). But this task was accomplished by 
the different nervous systems without any derangement 
of the normal relations, although with a different degree 
of difficulty. Then we added the food rellex formed by 
means of a destructive agent. Now it was sufficient, hav- 
ing evoked this reflex, to repeat it for a certain period of 
time even on one and the same part of the skin, in order 
to obtain an acute pathological state. This deviation from 
the normal occurred in the Lwo dogs in opposite directions. 
In the lively dog the elaborated inhibitions either suffered 
to a considerable degree or wholly disappeared and turned 
into positive agents; in the quiet dog it was the positive 
salivary conditioned reflexes that cither weakened or com- 
pletely vanished. And these states persisted for months 
without any spontancous change. In the lively dog with 
the weakened inhibitory process a quick and lasting return 
to the normal was obtained in a few days by means of 
reclal injections of potassium bromide, It was worth nol- 
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ing that with the appearance of normal inhibition the 
strength of the positive conditioned action, far from de- 
creasing, was even somewhat increased; consequently, on 
the basis of this experiment we can assume that the action 
of bromide does not consist in diminution of nervous exci- 
tability, but in regulating nervous activity. In another dog 
permanent and more or less considerable salivary reflexes 
could not be restored despite the different means applied 
for this purpose. 

Shortly after these experiments similar results, and 
even with more instructive details, were obtained with a 
dog subjected to experimental investigation for quite a 
different purpose (experiments of Dr. I. P. Razenkov"‘), 
Many positive conditioned reflexes were elaborated on the 
animal from various receptors, or several reflexes from 
one and the same receptor by a certain stimulating agent 
of varying intensity. Among others there was obtained a 
reflex to a definite frequency of mechanical stimulation 
of a certain point on the skin. We then began to elaborate 
a differentiation from the same place on the skin by means 
of a mechanical stimulation of another frequency. This 
differentiation was also obtained without difficulty, and 
no change in nervous activity was observed. But when, 
after application of a completely inhibited rhythm of 
mechanical skin stimulation, we tried without any interval 
to effect stimulation by a _ positively-acting rhythm, 
a peculiar disturbance was manifested in the dog, lasting 
for five weeks and only gradually ending in a return to the 
normal, perhaps somewhat accelerated by our special - 
measures. A few days after the collision of the nervous 
processes occurred, all the positive conditioned reflexes 
disappeared. This lasted for ten days, after which the re- 
flexes began to reappear, but in a peculiar way: contrary 
to normal, the strong stimuli remained ineffective or pro- 
duced the minimum effect; considerable effect was shown 
only by the weak stimuli. This state persisted for four- 
teen days and was again superseded by a peculiar phase. 
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Now all the stimuli acted equally, approximately, with the 
same force as strong stimuli under normal conditions. This 
lasted seven days, and then came the last period before 
the return to the normal; this phase was characterised by 
the fact that the stimuli of average strength greatly ex- 
ceeded those in the normal state, the strong stimuli became 
somewhat weaker than in the normal and the weak 
stimuli lost their action altogether. This, too, lasted for 
seven days, and then, finally, came the return to the nor- 
mal. Repetition of the same procedure which was respon- 
sible for the disturbance described above, i.e., repetition 
of direct, without any interval, transition from the inhib- 
itory mechanical stimulation of the skin to the positively- 
acting stimulation, resulted in the same disturbance with 
the same variation in phases, but of considerably shorter 
duration. With further repetition the disturbance became 
more and more Ilecting, until the same procedure no long- 
er evoked any derangement. The decline of the patholog- 
ical disturbance was manifested not only in the shortened 
duration of the abnormal state, bul also in a reduction in 
the number of phases, and in the disappearance of the 
more abnormal phases, 

Thus, the difficult collision belween the excitatory and 
inhibitory processes leads now to a predominance of the 
excitatory process disturbing the inhibition, or, one may 
say, to a prolonged increase of the tonus of the excitation, 
and now to a predominance of the inhibitory process, with 
its preliminary phases, disturbing the excitation, and in- 
creasing the tonus of the inhibition, 

But then we witnessed the same phenomena also under 
other conditions, besides those mentioned ahove. 

Under the action of extraordinary, directly inhibiting 
stimuli on the animal a chronic predominance of inhibition 
takes place. This manifested itself with particular force in 
a mumber of dogs after the unusual flood that occurred in 
Leningrad on September 23, 1924, when our experimental 
animals were rescued with great difficully and under ex- 


79 


ceptional conditions, The conditioned reflexes disappeared 
for some time and only slowly reappeared, For a consid- 
erable period after rehabilitation any more or less strong 
stimulus, which earlier would have been regarded as a 
very strong conditioned stimulus, as well as the application 
of a previously elaborated and thoroughly concentrated 
inhibition, again provoked this chronic state of inhibition 
either in the form of complete inhibition or of its above- 
mentioned preliminary phases (experiment of Dr. 
A. D. Speransky*> and Dr. V. V, Rikman). To a lesser 
degree and for a shorter time the same thing is often 
observed in more normal conditions, such as transferring 
the animals to a new environment, to a new experimenter, 
etc. 

On the other hand, a slight change in the application of 
a well-elaborated positive conditioned reflex, namely, an 
unconditioned stimulus administered directly, without any 
interval, after the conditioned stimulus, increases the 
tonus of the excitation to such a degrce that elaborated 
inhibitions, now under investigation, either fully disappear 
or greatly lose in constancy and regularity, And often a 
frequent interchange of positive and inhibitory reflexes 
brings the dogs, especially the lively ones, to the highest 
pitch of general excitation (experiments of Dr. M. K. Pet- 
rova and Dr. Y. M. Kreps). 

However, what has been said above does not exhaust 
all our facts concerning the relation between excitation 
and inhibition. In the course of our work we encountered 
other peculiar cases of the same kind. 

We frequently noticed that a distortion of the action 
of conditioned stimuli took place in certain phases of 
drowsiness in normal animals. 

The positive stimuli lost their effect, while the negative 
inhibitory ones assumed a positive character (for example, 
in the experiments’ carried out by Dr. A. A. Shishlo), In 
the light of this relation we can explain the frequently re- 
curring fact that in the drowsy state of ‘the animals there 
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begins as it were a voluntary secretion of saliva not ob- 
served in the waking state. The explanation is that at the 
beginning of the elaboration of the conditioned reflexes 
in a given animal the entire mass of accessory stimuli, 
one can say, the entire laboratory surroundings, enter into 
conditioned connection with the food centre, but later all 
these stimuli become inhibited owing to the specialisation 
of the conditioned stimulus applied by us. It can be as- 
sumed that in a stale of drowsiness these inhibited agents 
temporarily recover their original effect. 

The temporary transformation of the elaborated inhib- 
itory stimulus into a posilive one is also observed in 
pathological states of the cerebral cortex in intervals be- 
tween the convulsive fils caused by post-operative cicatri- 
sation in the cortex. It is interesting to note that along 
with this claborated inhibitory stimulus, only the weakest 
of all the positive conditioned stimuli, viz., light, acts, also 
positively, during (this time, whereas all other moderate 
and strong positive conditioned stimuli remain ineffective 
(experiments of Dr. I. P. Razenkov), 

Related to this is the fact, frequently reproduced by us, 
that accessory stimuli evoking certain reflexes of moderate 
strength transform in the course of their action the in- 
hibitory reflexes into positive ones (we call it disinhibition). 

On the contrary, during disturbance of the cortex, 
caused by extirpation, the positive conditioned stimuli 
belonging {o the disturbed part of the cortex become in- 
hibitory, a point mentioned in my last article on sleep, 
This phenomenon is particularly manifest and has been 
best studied in the culancous region of the cerebral hemi- 
spheres. (Rurlier experiments of Dr. N, IT, Krasnogorsky 
and recent experiments of Dr, I. P, Razenkov,) If the lesion 
is insignificant the effect produced by the previous posi- 
tive conditioned mechanical stimulation of the skin is less 
than normal, and if repeated during one and the same 
experlinent soon beconics inhibitory; being added to other 
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effective stimuli it weakens their effect and when applied 
alone induces a state of sleepiness in the animal. If the 
lesion is more severe, it does not, in normal conditions, 
produce any positive effect, being of a purely inhibitory 
nature; its application leads to the disappearance of dll 
positive conditioned reflexes in the other parts of the cere- 
bral hemispheres. 

But this agent, now inhibitory, may, in certain circum- 
stances, manifest a positive effect. If the animal becomes 
sleepy of itself, this stimulus, as well as the elaborated 
inhibitory agent, as mentioned above, produces a slight 
positive effect. But afterwards this effect can be obtained 
by other methods. If we repeatedly apply this stimulus 
several times with a brief intermission, for example, of 
five’ seconds instead of the usual thirty (i.e., if the uncon- 
ditioned stimulus is added five seconds instead of thirty 
seconds after the beginning of the conditioned stimulus), 
then, upon delaying it again for thirty seconds, we may 
obtain a positive effect, although a fleeting one. Setting 
in very soon after the beginning of the stimulation, it 
quickly diminishes in the course of stimulation and finally 
disappears altogether (pure excitatory weakness). A 
Similar transitory effect can be obtained by means of a 
preliminary injection of caffeine and by other measures 
(experiments of Dr. I. P. Razenkov). 

Of a somewhat different character, but still related 1o 
our subject, are the following facts. Given a very weak 
general excitability of the cortex, as observed in aged 
animals (Dr. L. A. Andreyev’s experiments) or in animals 
with removed thyroid glands (experiments of Dr. A. V. 
Valkov), as well as in certain states brought on in the 
animals by convulsions during post-operative scarring in 
the cortex (experiments of Dr. I. P. Razenkov), the in- 
hibitory process either becomes impossible or is greatly 
weakened. 

In such cases only an increase of the tonus of cortical 
excitability, achieved by application of stronger uncondi- 
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tioned stimuli, can sometimes provoke an_ inhibitory 
process. 

The phenomenon of reciprocal induction, mentioned by 
me in the previous, above-mentioned articles (experi- 
ments of D. S. Fursikov, V. V. Stroganov, Y. M. Kreps, 
M. P. Kalmykov, I. R. Prorokov and others), is also related 
to our subject. Finally, the last fact: if separate points of 
the cortex are reinforced for a prolonged period by a cor- 
responding procedure, some of them as points of excita- 
tion and others as points of inhibition, they become highly 
resistant to attacks, to the influence exerted by opposite 
processes, and at times call for exceptional measures in 
order to change their functions (experiments of Dr. B. N. 
Bierman and Dr. Y. P. Frolov). 

All the foregoing facts allow us, it seems to me, to 
systematise the states to which the cortex is subjected 
under different influences in a definite consecutive order. 
At one pole there is the state of excitation, an excep- 
tional increase of the tonus of excitation, when an inhib- 
itory process becomes impossible or is greatly impeded. 
Next comes the normal, wakeful state, the state of equi- 
librium between the excitatory and inhibitory processes. 
This is followed by a long, but also consecutive, series of 
states transitory to inhibition; the most typical of these 
are: the equalisation state when in contrast to the wakeful 
state all stimuli, irrespective of their intensity, act with 
an absolutely equal force; ithe paradoxical state, when 
only the weak stimuli act, or when the strong stimuli act, 
too, but produce a barely noticeable effect; and finally, 
the ultra-paradoxical state when only the previously 
elaborated inhibitory agents produce a positive effect— 
a state followed by complete inhibition. There is yet no 
clear explanation of the stale when excitability is so low 
that inhibition is utterly impossible or greatly impeded, 
just as in the case of the state of excitation. 

At present, among other things, we are engaged in the 
experimental solution of the following question (for which 
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we now have some clues): are there not in evidence the 
transitory states so sharply expressed in pathological 
cases also in all cases of normal transition from an active 
state to a state of inhibition, such as the process of fall- 
ing asleep, the process of elaborating inhibitory reflexes, 
etc.? 

Should this be so, then only the retardation, certain 
isolation and fixation of the states which normally develop 
and change quickly, or almost imperceptibly, bear a 
pathological character. 

The above facts open the way to an understanding of 
numerous phenomena relating both to the normal and 
pathological higher nervous activity. I shall give some 
examples. 

I have already shown in previous articles how normal 
behaviour is based on the elaborated delimitation of the 
points of excitation and inhibition, on their grandiose 
mosaic in the cortex, and how sleep represents irradiated 
inhibition. We are now in a position to give some details 
showing how certain variations of normal sleep, as well 
as, separate symptoms of the hypnotic state, can be easily 
understood when regarded ‘as different degrees of exten- 
siveness and intensiveness of the inhibitory process. 

Cases of sleep setting in while walking or riding 
horseback are not unknown. This means that the inhibition 
is confined only to the cerebral hemispheres and does not 
spread to the lower centres established by Magnus. We 
know also of sleep accompanied by partial wakefulness 
in relation to definite stimuli, for instance, the sleep of the 
miller who wakes when the noise of the mill stops, the 
sleep of the mother awakening at the faintest sound com- 
ing from her sick child, but who is not disturbed by other 
and much stronger stimuli, i.e., in general a sleep with 
easily excitable points on guard. Catalepsy in hypnosis is, 
apparently, an isolated inhibition only of the motor region 
of the cortex, not affecting all the other parts of the cor- 
tex and not spreading to the centres of equilibrium of the 
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body. Suggestion in hypnosis can be rightly interpreted as 
such a phase of inhibition when weak conditioned stimuli 
(words) produce a greater effect than the evidently 
stronger direct and real externa] stimuli. The symptom 
established by Pierre Janet—loss of the sense of reality 
during sleep lasting for many years, can be explained as 
chronic inhibition of the cortex which is interrupted only 
for a short time and only under weak stimuli (usually at 
night); this inhibition particularly concerns the cutaneous 
and motor regions which are most important for the in- 
fluence of the external world on the organism, on the one 
hand, and for the real action of the organism on the ex- 
ternal world, on the other. Senile talkativeness and de- 
mentia are easily explained by the extreme weakening of 
inhibition in cases of very low excitability of the cortex. 
Finally, our experiments on dogs entitle us to regard 
chronic deviations of the higher nervous activity from the 
normal, produced in the animals by us, as pure neurosis; 
to a degree they also explain the mechanism of the origin 
of these deviations. Similarly the action of exceedingly 
strong, extraordinary stimuli (for example, unusual flood) 
on dogs with a weak nervous system and a predominance 
of the inhibitory process under normal conditions, in other 
words, with a constantly increased tonus of inhibition, 
reproduces the aetiology of a special traumatic neurosis. 

As for a theory that would cover and generally sub- 
stantiate all these phenomena, it is obvious that the time 
has not yet come for it, although many hypotheses have 
been advanced, each one of them justified to a degree. 
It seems to me that as things are at present it is possible 
to make use of the different concepts which actually 
systematise the factual material and advance new and 
detailed problems. In our experiments so far we think of 
different phases, from extreme excitation to deep inhibi- 
tion, which develop in the nervous cells of the cortex 
under the influence of effective stimuli, and which depend 
on the intensity and duration of these stimuli and on the 
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conditions under which the latter are formed. We incline 
to this view because of the obvious analogy between the 
changes observed in the activity of the cerebral cortex 
and the changes taking place in the nerve fibre under 
various strong influences, which have been described in 
the well-known work of N, E. Vvedensky—Excitation, In- 
hibition and Narcosis. We do not share his theory,26 but 
we have grounds for relating all the observed transitions 
from excitation to inhibition to one and the same 
elements—to the nerve cells—just as Vvedensky rightly 
did in the case of the nerve fibre. 

One can hardly doubt that only the study of the phys- 
icochemical process taking place in the nerve fibre will 
provide us with a real theory of all nervous phenomena, 
and that the phases of this process will give us an exhaus- 
tive explanation of all external manifestations of the 
nervous activity, of their sequence and interconnections. 


NORMAL AND PATHOLOGICAL ISTATES 
OF THE CEREBRAL HEMISPHERES27 


I have the great honour of claiming your kind attention 
to the report on the results of my recent investigations 
conducted jointly with my collaborators, I hope the 
subject of the investigations is capable of arousing con- 
siderable interest. These investigations were carried out 
on animals, namely, on the dog, this friend of man since 
pre-historic times. For the last 25 years we have endeav- 
oured to understand the animal’s entire higher nervous 
activity purely physiologically without using any psycho- 
logical ideas or terms. 

Of course, the cerebral hemispheres are the chief organ 
of higher nervous activity. 

The central phenomenon in the activity of the cerebral 
hemispheres around which all our experimental material 
is concentrated is, what I call, the conditioned reflex. The 
idea of reflex in physiology, the gift of Descartes’ genius, 
is, of course, a purely natural-science idea, Today we can 
regard it as adequately established that ihe so-called 
instincts are the same reflexes only often of a somewhat 
more complex composition. It is therefore preferable to 
leave the one term “reflex” for all of these regular reac- 
tions of the organism, while we add to it the adjective 
“unconditioned”’. 

Let us take one of these unconditioned reflexes, ithe 
most usual, daily reflex—the food reflex. To the food as 
a stimulus, when it is before the dog and later in its 
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mouth, the dog responds with a certain motor and secre- 
tory reaction. If several seconds before the food gets into 
the dog’s mouth, the dog’s ear begins to be stimulated, 
for example, by metronome beats and this coincidence is 
repeated once or several times, the metronome beats will 
evoke the same reaction as does the food, i.e., the dog 
will perform the same movements and will similarly 
secrete saliva and other digestive juices. This food reac- 
tion may become just as precise as it is to food and may 
exist for an indefinitely long time. This is just what I 
call a conditioned reflex. Why should not this be a reflex? 
The mechanism is apparently the same: a certain external 
agent, motion of the stimulation along a certain afferent 
nerve, and a central connection with certain efferent 
nerves of the muscles and glands. The difference is not in 
the mechanism, but in its consummation. The mechanism 
of the unconditioned reflex is completely ready since the 
day of birth. The conditioned reflex is completed in the 
course of individual existence at one of its poinis—ihe 
central nervous system, namely, the cerebral hemispheres, 
since with the removal of the hemispheres the conditioned 
reflexes disappear from the activity of the nervous system. 
Since this completion of the reflex mechanism in the 
normal animal necessarily takes place under certain phys- 
iological conditions, there is absolutely no reason to 
regard it as anything but physiological. The consumma- 
tion of the mechanism in the conditioned reflex clearly 
consists in a coupling, formation of a connection on the 
way of the motion of stimulation. At the present time we 
have facts which warrant the assumption that the act of 
coupling is even an elementary physiological process. 
Conditioned reflexes are formed to all manner of agents 
in nature, for which the given animal has receptor ap- 
paratus, and with all unconditioned reflexes. Their bio- 
logical significance is enormous, since only because of 
them can the most precise and finest equilibrium be estab- 
lished between the complex organism and its environ- 


ment, in vast regions of the latter. Innumerable condition- 
ally acting agents signal, as it were, the relatively few 
and close agents directly favourable or harmful to the 
organism. Minutest and most remote conditioned stimuli, 
acting on the eye, ear and other receptors, cause the 
animal to move towards food, the opposite sex, etc., on 
the one hand, and away from all harmful and destructive 
agents, on the other hand. 

From the aforesaid poinis of view the physiological 
role of the cerebral cortex is, on the one hand, coupling 
(according to its mechanism) and, on the other hand, 
signalling (according to its significance), at the same 
time with variable signalling in precise conformity with 
the external conditions. 

Before I proceed, I should like to say a few words 
about our method. For the formation of conditioned re- 
flexes we used almost exclusively Lwo unconditioned re- 
flexes—food and defensive—to nonalimentary, disagree- 
able substances introduced into the animal’s mouth; we 
poured a weak acid solution into the dog’s mouth. In this 
case we recorded not the motor component of conditioned 
reflexes, but the secretory component, namely, salivation, 
since this offers greater convenience for measuring the 
reaction. 

Above we have cited a positive conditioned reflex in 
which the conditioned stimulus evokes a process of ex- 
citation in the cerebral cortex. But side by side with the 
positive reflex there are always also conditioned negative, 
inhibitory reflexes, in which the conditionally acting agent 
evokes not the process of stimulation, but the process of 
inhibition. For example, we formed a positive conditioned 
reflex to a tone of 100 vibrations per second. When we 
afterwards tried for the first time other tones, these, too, 
began to exert the same positive conditioned aclion. But, 
if we repeat them without accompanying them by the un- 
conditioned stimulus, they will gradually not only lose 
their positive effect, but will be transformed into in- 
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hibitory agents. Their inhibitory effect is apparently re- 
vealed in the fact that after their application for some 
immediate period of time (minutes and even many minutes) 
the positively acting tone also becomes entirely ineffective 
or weakened. 

Our studies of the conditioned reflexes have now 
greatly expanded and I am unable to set them forth in 
any detailed manner. After this necessary introduction I 
must briefly dwell on two or three more details in order 
that I may only then deal with the special subject of my 
present report. 

Both, the process of excitation and the process of in- 
hibition move through the cerebral cortex, at first ir- 
radiating rather far from the initial point and then con- 
centrating in it. During concentration these processes are 
very subtly localised, owing to which the entire cortex is 
transformed into a vast mosaic of closely aie each 
other stimulated and inhibited points. 

This mosaic is formed and strengthened naar by the 
mutual impact of the antagonistic processes of excitation 
and inhibition evoked directly by appropriate external 
stimuli, and partly because of the internal relations, i.e., 
mutual induction, in which one process leads to the 
strengthening of the other. 

My recent article printed in the Skandinavisches Archiv 
fir Physiologie (Scandinavian Archive of Physiology) 
cites a long series of our experiments which, I am con- 
vinced, prove beyond any doubt that sleep is the same 
inhibition which alway coexists with excitation in the 
waking state of the cerebral hemispheres, but only that it 
is not scattered as it is there, but is continuous, and ir- 
radiates not only to both hemispheres, but also to the 
underlying parts of the brain. 

Of late we have been studying the transitional phases 
between the animal’s waking state and sleep. Under our 
experimental conditions, when the dogs are in the stand, 
restrained and alone in the experimental room, i.e., even 
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isolated from the experimenter and exposed to our specific 
stimuli, they easily lapse into a special state in the direc- 
tion, so to speak, of sleep. Partly because of the individual 
properties of the nervous systems of the different dogs 
and partly because of the measures we adopt we can 
observe and study, as it were, fixed definite phases in 
the transition from the waking state to complete sleep. 
Several such phases can be clearly distinguished. I shall 
dwell on two of them. 

When conditioned reflexes are formed from different 
external agents by means of the same unconditioned 
stimulus, the effects produced prove to differ very greatly 
quantitatively despite the final elaboration of all the re- 
flexes. To our usual thermal and mechanical stimuli of 
the skin, as well as optic stimuli, the conditioned reactions 
are less intense than they are to acoustic stimuli. As our 
recent special experiments have shown, this is condi- 
tioned by the absolute energy of each stimulus, ic, the 
greater the energy of the stimulus, the greater its effect. 
During a certain phase in the transition from the waking 
state to sleep this normal relationship between the effects 
disappears and is replaced cither by an equalisation of the 
effects (equalisation phase), or by their perverted rela- 
tionship, i.e., the effects of weak stimuli become greater 
than those of ihe strong stimuli, or even only weak stimu- 
fi remain effective (paradoxical phase). Here are 
examples. A dog formerly responding by conditioned 
reflexes of different intensity, in accordance with different 
stimuli, began to lapse into a barely visible drowsy state, 
as the experiments with this dog continued, and all its 
conditioned reflexes were equalised as regards the in- 
tensity of the effect. As soon as this dog was administered 
a small amount of caffeine subcutancously it became quite 
alert and all its reflexes arranged themselves in the proper 
sequence with respect to the intensity of the effect. 

In another dog which always remained quite awake 
during the experiment we ourselves induced a sleepy state 
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by repeated and prolonged application of inhibitory 
stimuli in the course of the given experiment. On testing 
a weak positive conditioned stimulus we now found it 
ineffective, although we gave the dog a little food. This, 
of course, made the dog somewhat less sleepy. By repeat- 
ing the conditioned stimulus once more we began to 
obtain some effect from it. We fed the dog again. The 
third time the conditioned reflex to the same stimulus 
attained its usual intensity and even exceeded it. This 
time the conditioned stimulation was also accompanied 
by food. Then we applied one of the strongest conditioned 
stimuli and its effect turned out io be less intense than 
that of the weak stimulus applied prior to this. As our 
experiment was continued in the same manner, the normal 
relationship between -the stimuli was finally quite re- 
stored in accordance with their strength. Apparently, the 
stimulation with repeated acts of eating gradually over- 
came the sleepy, inhibitory state of the hemispheres 
produced by us in the beginning of the experiment and 
this state passed again into a completely waking state 
only by successive phases. 

Another example. To a dog in which many reflexes to 
agents of different strength had been rapidly elaborated, 
one more weak stimulus was applied several times run- 
ning in each experiment and for several days at that. This 
decisively changed the animal’s general condition. The 
animal became less lively in the stand; at times it stood 
stock-still; at the same time, of the old elaborated stimuli, 
only the weak ones retained their effect. Weak stimuli 
produced the complete secretory effect as long as they 
were applied and the dog began to eat the moment it was 
given food. The strong stimuli elicited little salivation only 
in the beginning of their action; then salivation ceased 
and the dog did not touch the food it was offered. If, on 
entering the room, we stimulated the dog in every possible 
manner, stroking it, calling it by name, etc., all the con- 
ditioned reflexes were immediately restored and the 
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stimuli ranged in the normal sequence as regards the 
effect. But, if the dog was left in the stand for several 
days without special stimulation, all its conditioned re- 
flexes finally disappeared and, while in the stand, the dog 
did not take the food it was offered. However, the moment 
the dog was released from the stand it very greedily 
devoured the food. . 

It can hardly be disputed that in the foregoing experi- 
ments we have a definite hypnotic phase. I think that our 
paradoxical phase is a real analogue of the particularly 
intéresting phase of human hypnosis, the suggestion phase, 
when the strong stimuli of the real world yield to the 
weak stimuli furnished by the words of the hypnotiser, 
The paradoxical phase also renders intelligible many cases 
of short and protracted, often of many years standing, 
abnormal sleep, when man sometimes, and only for a 
short time, returns to the waking state, precisely when 
the strong (daytime) stimuli are eliminated, mainly al 
night, (The case of sleep lasting five years, observed by 
Professor Pierre Janet and the Petersburg case of such 
sleep which lasted 20 years.) 

Thus the transitional phases between the waking state 
and sleep are different degrees of the extent and intensity 
of the inhibitory process in the cerebral hemispheres, The 
long-known so-called animal hypnosis is real hypnosis, 
one of the transitional phases between waking and sleep, 
inhibition concentrating mainly on the motor area of the 
cortex in virtue of a certain peculiarity of the procedure 
by which it is obtained. The cataleptic state taking place 
at this time apparently occurs because of the activity of 
the balancing centres of the brain, discovered by Magnus 
and de Kleijn, which now free themselves from the 
camouflaging influence of the motor area of the cortex. 
Our experiments have shown that different transitional 
phases and sleep may be obtained from weak as well as 
strong and unusual stimuli so thal the waking siate is, so 
to speak, generally established in response to usual 
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stimuli of medium strength, particularly, of course, for 
certain nervous systems, 

Of particular interest is also the fact that we observed 
the paradoxical phase apart from the states in which the 
aforesaid dogs were. After each single application of the 
conditioned inhibitory reflex, especially, soon aiter its 
elaboration, a long subsequent period of inhibition is 
observed all through the hemisphere. During this period 
it is also possible clearly to observe the paradoxical] phase. 
This once more confirms our former conclusion that sleep 
and inhibition are the selfsame process. 

Now another series of our experiments. At first we ac- 
cidentally encountered, and then purposely produced in 
our dogs, pathological functional changes in the nervous 
system similar to human neuroses. 

In two dogs the conditioned reflex was gradually elab- 
orated not to an indifferent stimulus, but to very strong 
electric current applied to their skin. During application 
of the current the dog did not howl or defend itself but 
turned to the place whence it was usually given food, 
licked its lips, etc.; in a word, it exhibited a vigorous food 
reaction with abundant salivation. The electric current 
was sometimes replaced with cauterisation and injury to 
the skin, but the effect remained the same. This con- 
ditioned reflex persisted unchanged for a long time. 
We began to apply the electric current to ever new points. 
The state of affairs long remained the same. Then, when 
the current was applied to a certain new point (I do not 
remember its ordinal number), everything at once radical- 
ly changed in one of the dogs. The conditioned food reflex 
to electric current disappeared without leaving a trace, 
and now the weakest current evoked only the strongest 
defensive reaction even at the initial point. In the other 
dog with the same reflex the transition to new points 
alone did not produce the sarne effect. But, when we 
stimulated these different points one after another in the 
selfsame experiment, exactly the same thing happened as 
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did in the former dog. Both dogs generally became very 
excitable, restless. We had to suspend all experiments 
with them for three months and then it was possible, 
after that long rest, very slowly, beginning with very 
weak current, to form the same reflex again only in one 
of them. In the other dog it failed. 

A conditioned reflex to a lighted circle projected on 
a screen was elaborated in another dog. Then we 
differentiated from this circle an ellipse which at first also 
acquired a positive conditioned effect, but repeated un- 
accompanied by an unconditioned stimulus also became 
a conditioned inhibitory agent. This first differentiated 
ellipse, having the same area and the same lighting as 
the circle, differed very much from the circle in shape, Then 
ellipses with a continuously decreasing ratio of semi- 
axes were successively differentiated. The new differentia- 
tions also formed and persisted. But when one ol the 
ellipses, closest to the circle in shape, was introduced 
into the experiment, the differentiation formed at the 
outset was not strengthened by its repetition, but was 
weakened, i.c., this ellipse began to act positively and, 
with the passage of time, increasingly so. Together with 
this all the formerly firmly elaborated, coarser differentia- 
tions also disappeared. We had to resume the whole thing 
from the ellipse which was the remotest from the circle 
in shape, and act more cautiously and slowly than we had 
the first time. When the ellipse which proved to be 
marginal on first application was applied, the old story 
repeated itself. The general behaviour of this dog also 
sharply changed after many experiments: from a quiet 
animal it was transformed into a very excitable one. 

In both cases—the experiments with the conditioned 
food reflex to the electric current and in the experiment 
of differentiating the ellipses from a circle—ii was the 
inhibitory process that clearly suffered chronically. In 
the first case, for the food reaction to the current to 
exist, the defensive reaction to the current had to be in- 
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hibited. In the second case, as was shown above, the dif- 
ferentiation was based on inhibition. 

The foregoing observations were made at an earlier 
stage of our work and long remained unutilised. Only of 
late have we made them a special subject and have ex- 
panded this subject in many respects. 

In some dogs we obtained the same results. Under the 
effect of such methods their nervous system lost very 
much of its inhibitory function. Of the many different 
cases of inhibition only a few of the simplest ones re- 
mained intact, but even they were defective. This patho- 
logical state sometimes lasted for months; often remain- 
ing quite stationary. It is interesting that in some of these 
cases administration of bromides for several days very 
quickly and radically cured the animal. But on other dogs, 
apparently of a different nervous type (I shall have a 
pleasant occasion to speak of the different types of 
nervous system in the dog at your Psychological Society) 
we obtained entirely different results. In these cases, 
despite the fact that we used the same methods, the in- 
hibitory process prevailed. The positive conditioned re- 
flexes either disappeared altogether or presented peculi- 
arities characteristic of the afore-described transitional 
phases from waking to sleep. Here is a relevant experi- 
ment. 

A conditioned reflex was formed in a dog to a rhythmic 
mechanical stimulus applied to the skin with a certain 
frequency. From this conditioned stimulus we dif- 
ferentiated a stimulus almost identical with the former 
one and differing from it only in the frequency of the 
rhythm, i.e., one frequency of the rhythmic mechanical 
stimulation of the skin was made a conditioned positive 
stimulus and the other—a conditioned inhibitory stimulus. 
When these two reflexes became quite stable, we applied 
a positive stimulus directly, i.e., without any pause, after 
the action of the inhibitory stimulus; in other words, one 
frequency of mechanical stimulation of the skin was 
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substituted for another, This led to an acute pathological 
state of the nervous system which became normal only 
after many weeks and, perhaps, partly under the effect 
of some of our measures. We observed the animal con- 
tinuously, day in and day out. It all began with a com- 
plete disappearance of all the conditioned reflexes. Then 
they were gradually restored, going through ihe phases 
we are already familiar with, each characteristic phase 
persisting for several, even up to ten days. Between these 
phases the paradoxical and equalisation phases again 
clearly came to the fore. 

Thus, in our pathological cases we had the same nerv- 
ous phenomena as in the normal cases, But normally they 
quickly alternate, whereas here they become chronic. 
This is true of the prevalence of the excitatory, as well as 
the inhibitory process. 

What common factor underlies all our pathological 
cases? In a word, what conditions protracted deviation 
from normal during the application of our methods? We 
think we are justified in saying that a difficult, encounter, 
an unusual collision, whether as regards time or intensity, 
or both, of the {wo antagonistic processes, excitation and 
inhibition, leads to a protracted disturbance of the normal 
balance between them. 

We must add, however, that some of the methods by 
which we produced a pathological state are not effective 
for all dogs. There are some which endure them without 
any harm. We cannot say the same for the electric current 
as a conditioned stimulus because we have had bul few 
experiments with it. 

We now encompass the entire foregoing factual charac- 
teristics of the physiological work of the cerebral hemi- 
spheres in the following preliminary conception by which 
we are guided in the performance of our subsequent ex- 
periments. We ascribe coupling, formation of new con- 
nections, to the functions of a dividing membrane, if it 
exists, or merely ever finer ramifications between neurons, 
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between individual nerve cells, We ascribe the variations 
in excitation and the transition to an inhibitory state to 
the cells themselves. This distribution of functions seems 
probable to us in virtue of the fact that, while new con- 
nections, well elaborated, persist for a very long time, the 
changes in excitability, transition to an inhibitory state, 
are very mobile phenomena. We regard the phenomena 
of excitation and inhibition as different phases in the 
activity of the cells of ihe cerebral cortex. These cells 
must be recognised as possessing the highest degree of 
reactivity and, consequently, destructibility. 

This precipitate functional destructibility serves as 
the main impulse for the appearance in the cell of the 
special process of inhibition, an economical process which 
not only limits further functional destruction, but also 
fosters restoration of the expended excitable substance, 
This is the most natural way of conceiving the most 
constant and most vivid fact with which we have to do 
during our work with conditioned reflexes. ‘This fact 
consists in the following. A conditioned stimulus, if it is 
applied alone even for a couple of dozen seconds, will 
sooner or later in all cases, and in some dogs amazingly 
soon, reduce the cell to an inhibited state and, afler the 
cell, the entire cortex and some underlying parts of the 
brain to a state of complete sleep. The fact that this does 
not occur, if an unconditioned stimulus is soon added in 
the beginning of the action of the conditioned stimulus, 
does not contradict our conception of these facts. Our 
latest experiments show that during the action of the 
unconditioned stimulus the positive conditioned stimulus 
loses its effect, becomes inhibited. The mosi vigilant 
signaller has played its important role and, for a time, 
while it is not needed, its rest is carefully guarded. 

The value of the excitable substance of the cells of the 
cerebral cortex and its limited reserve are attested by the 
following experiments. Several years ago, when we were 
very short of foodstuffs, our experimental animals, of 


course, also very greatly suffered from hunger. With such 
animals it was almost impossible to work on conditioned 
reflexes. A positive conditioned stimulus rapidly became 
inhibitory despite all our efforts. All our work was con- 
fined to the single subject of the effect of hunger on con- 
ditioned reflexes. It should be noted, that the extraordi- 
nary tendency to transition to the inhibitory state made 
itself equally felt in both the food and acid conditioned 
reflexes. This fact once more denotes greater sensitivity 
of the conditioned reflex method in the physiological 
studies of the cerebral hemispheres. 

From the point of view I have set forth we can easily 
understand the existence of the different types of nervous 
systems in the dogs with which we had to deal in our 
work. Of course, we musi entertain similar ideas of our 
own nervous systems. We can easily conceive of nervous 
systems which, either from the very day of birth or under 
the effect of life’s difficulties, possess a small reserve of 
excitable substance in the cortical cells and which there- 
fore easily lapse into the inhibitory state, its different 
phases, or are even always in one of these phases. 

I have finished and I should be very happy to have any 
of my highly esteemed listeners to come to me either for 
explanations or with objections, since I hardly could have 
discussed satisfactorily so vast and complex a subject of 
our work reported so briefly. 
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INHIBITORY TYPE OF NERVOUS 
SYSTEM IN DOGS?8 


I wish to express my sincere gratitude for the high 
honour you have shown me (by electing me a member of 
your Society) and for your readiness to hear my report, 
which also gives me great pleasure, I am convinced that 
sooner or later the physiologists who are studying the 
nervous system and the psychologists will have to unite 
in friendly work. Now let each of us try in his own way 
to marshal his special resources. The more approaches, 
the greater are the chances that we will finally come 
together, useful and necessary to each other. 

As you know, in studying the activity of the brain of 
higher animals (the dog in particular) my collaborators 
and I have adopted a purely physiological point of view 
and operate with exclusively physiological conceptions 
and terms. 

The more we have studied the higher nervous activity 
of dogs by our method, the more frequently we have come 
upon distinct and considerable differences in the nervous 
systems of different dogs. On the one hand, these dif- 
ferences rendered our investigations difficult and often 
hindered us from completely reproducing our facts on dif- 
ferent animals and, on the other hand, gave us a great 
advantage in that they brought forward, emphasised, so 
to speak, certain aspects of nervous activity. At last we 
are in a position to distinguish several definite types of 
nervous systems. To one of these types I shall take the 
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liberty of calling your attention. These are dogs which 
everybody, by observing their behaviour, especially in 
new surroundings, would call timid and cowardly animals. 
They walk cautiously, tail tucked in and legs half-bent. 
Should we make a sudden movement or slightly raise our 
voice, they draw back and crouch on the floor. We now 
have in our laboratory an extreme represcntative of this 
type. The dog—a female, was born in the laboratory and 
has lived there for five or six years. We have never given 
this dog any trouble. The only thing we have required of 
her was to eat periodically in the stand the food we 
offered her in the presence of certain signals, our con- 
ditioned stimuli. And yet, at the sight of any of us, per- 
manent members of the laboratory staff, she staris and 
slinks away as if we were her most dangerous enemies. 
An animal of this type is very useful for work on con- 
ditioned reflexes, but not right away. It is exceedingly 
difficult to form conditioned reflexes in such dogs from 
the very outsel: an animal of this type resents being 
placed in the stand, the attaching of various pieces of ap- 
paratus, the special form of feeding, etc. But when all the 
difficulties have at last been overcome, the dog becomes 
a model experimental object, a good machine. Particularly 
notable in the case of such dogs is the stability of Lhe 
conditioned inhibitory reflexes, ie., when conditioned 
agents evoke not the process of excitation bul the process 
of inhibition. In the dogs of all other types it is, on the 
contrary, precisely the process of inhibition that proves 
more labile and especially easily disturbed. When the dog 
of this type is exposed, under the usual experimental con- 
ditions, to some new inconsiderable stimulation, for 
example the cautious presence of new persons behind 
the door of the experimental room, only the positive con- 
ditioned reflexes are immediately affected; they disappear 
or weaken, while the inhibitory reflexes are fully 
retained. 

I shall now tell you about a dog of this type on which 
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Dr. Speransky, my collaborator, experimented. Six positive 
reflexes were elaborated in this dog: to a bell, metronome 
beats, a certain tone, increased general lighting of the 
room, the appearance of a circle of white paper and a Loy 
rabbit. Differentiations from these stimuli were formed, 
i.e., metronome beats of another frequency, reduced gen- 
eral lighting, the form of a square and a toy horse were 
made inhibitory stimuli. The intensity of the positive 
reflexes varied as follows. All the auditory reflexes were 
50-100 per cent more intense than the visual. Of the 
sounds, the bell occupied first place and was followed by 
the metronome beats, the tone being the weakest. The 
visual reflexes were all of about the same intensity. As 
has already been stated in general, and this dog also 
worked perfectly, all the afore-mentioned relations were 
always reproduced uniformly. 

In September of last year (1924) Leningrad suffered a 
great flood. The dogs were saved only with considerable 
difficulties, and under extraordinary circumstances. Within 
five or ten days, when everything was put in order again, 
our dog, to all appearances perfeclly healthy, greatly 
perplexed us in the experimental room. All the positive 
conditioned reflexes had completely disappeared: the dog 
did not salivate at all and did not take the food offered to 
it in the usual manner. For a long time we could nol guess 
what was wrong. None of our initial suppositions about 
the reason for this phenomenon could be substantiated. 
Finally it dawned on us that the strong effect produced 
on the dog by the flood persisted. Then we did the follow- 
ing. We now usually conduct our experiments with con- 
ditioned reflexes so that the dog is alone in ithe ex- 
perimental room, while the experimenter is in another room 
from where he acts on the dog, gives it food and records 
the results of the experiments. For our dog we now made 
certain changes. Dr. Speransky sat quietly in the room 
together with the dog and did nothing, while I performed 
the experiment for him from the other room. To our 
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great satisfaction the conditioned reflexes reappeared and 
the dog began to take the food. By repeating this method 
for a considerable period of time, at first infrequently 
and then more often, gradually weakening it, ie., some- 
times leaving the dog alone in the room, we finally 
restored ihe dog in a certain measure to its normal con- 
dition. Then we tried the effect of various, so to speak, 
components of the flood in the following miniature form. 

We let a stream of water trickle into the dog’s room 
from under the door. Perhaps the soft sound of the flow- 
ing water or the watered surface of the floor returned the 
dog to its former pathological state. The conditioned 
reflexes disappeared again and they had to be restored by 
the former method. Moreover, when the dog recovered, 
we could not use the bell, formerly the strongest condi- 
tioned stimulus. The bell itself acted as an inhibitor and 
afterwards all the other reflexes were also inhibited. A 
year had passed since the flood and during that time we 
did everything to protect the dog from any extraordinary 
stimulation. Finally, last autumn (1925), we were able to 
obtain the old conditioned reflex also to the bell. But after 
its very first application this reflex gradually began to 
diminish, although it was used only once a day; at last it 
disappeared altogether and along with it all the other 
reflexes were also affected, now disappearing and now 
presenling various hypnotic phases ranging between 
waking and sleep, although this dog had never been 
sleepy before. While the animal was in this condition, we 
tried two more methods to restore the normal reflexes. In 
this dog, as was already mentioned above, the inhibitory 
reflexes were unusually stable. We knew that good in- 
hibitory stimuli could induce and strengthen the process 
of excitation. We therefore applied to the dog the in- 
hibitory stimuli, ie., the differentiated agents, which I 
enumerated above. And, as a matter of fact, we saw many 
times that after that the reflexes appeared and the dog 
took the food, whereas formerly the reflexes had been 
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absent and the food had been refused, or the phases were 
transposed toward the normal state during transitional 
hypnotic phases, under the influence of induction. The 
other method was only a variation of the one just 
described. We placed in the dog’s room only part of the 
experimenter’s clothing, rather than the experimenter 
himself, and this was enough markedly to increase the 
reflexes. The dog did not see the clothing and, consequent- 
ly, it was the odour that acted. 

To the experimental part which I have purposely kept 
clear of all suppositions I must add the following. If we 
observe the movements of the dog when the conditioned 
reflexes disappear and the dog refuses food, we see in this 
case not the motor food reaction but a passive-defensive, 
as we call it, reaction which would ordinarily be called 
the reaction of fear. It produces a particularly strong im- 
pression on the observer, when the dog is in one of the 
hypnotic phases, the phase we call paradoxical, i.c., when 
only the weak conditioned stimuli are effective and the 
strong ones are not. To weak visual stimuli the dog re- 
sponds with a distinct motor food reaction, while to audi- 
tory stimuli it responds with a markedly passive-defensive 
reaction. The animal moves its head from side to side, 
crouches on the floor with head hanging low and does not 
make the slightest movement in the direction of the ap- 
paratus with food, 

To all this I must add that our animal is very well 
nourished, very lively and has an excellent appetite when 
out of the experimental room or the stand. 

However, the afore-described animal was in no way 
exceptional. As I have already mentioned, we had several 
dogs of this type which had similarly, although with 
some variations, been affected by the flood. Now I can 
pass to our interpretation of all the foregoing facts. To us 
it is perfectly clear that our type must be the opposite 
of all the other types in which it is often absolutely im- 
possible to elaborate full inhibitory reflexes or in which, 
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even if they may be well elaborated, they are very un- 
stable and are easily impaired. This means that in the 
afore-described type the inhibitory process predominates, 
whereas in all the other types the process of excitation 
either prevails or is more or less balanced by the process 
of inhibition. 

How can we approach an understanding of our type 
and of its, so to speak, deeper mechanism? 

We know, as the most constant and general fact con- 
cerning the physiology of conditioned reflexes, that an 
isolated conditioned stimulus obviously addressed to the 
cortical cells will sooner or later, and often strikingly 
rapidly, lead to an inhibited state of the cells and to its 
extreme limit, ie., to the animal’s sleep. This fact can 
best be understood thus: these cells, as extremely re- 
active structures, extraordinarily rapidly expend their ex- 
citable substance during stimulation, and another process, 
to a certain extent protective and economical—the proc- 
ess of inhibition, seis in. This process stops the further 
functional destruction of the cell and thus aids in the 
restoration of the expended substance. Our fatigue after 
the day’s work speaks in favour of this, the fatigue being 
eliminated by sleep, which, as I have already demon- 
Strated earlier, is diffuse inhibition. The same thing is 
apparently proved by our precise fact that after injury to 
certain parts of the cerebral cortex it is for a long time 
impossible to obtain any positive conditioned reflexes 
from the receptors connected with them, the stimulation 
of these receptors producing only an inhibitory effect. 
But, if later slimulation produces a positive effect, this 
effect is only temporary and is quickly replaced by an 
inhibitory effect, which is a typical phenomenon of so- 
called stimulatory weakness. Here we must also mention 
the observations of our dogs made during the recent 
difficult years of my country when the state of exhaustion 
which the animals shared together with us caused them 
uncommonly quickly to lapse into different stages of in- 


L065 


hibition and, finally, into sleep, in response to our condi- 
tioned stimulation in the stand, so that it was impossible 
to carry on any research in positive conditioned reflexes, 

We may therefore conclude that the cortical cells of 
the type of dog being described have a very smail reserve 
of excitable substance, or especially easily destructible 
substance. 

An inhibitory state in the cells may be evoked either 
by very weak or very strong stimuli. With stimuli of 
medium strength the cells may remain for the longest 
time in a state of excitation without passing into various 
degrees of inhibition. During weak stimulation inhibition 
replaces the process of excitation slowly, during strong 
stimulation—rapidly. Of course, these degrees of the 
strength of stimuli are entirely relative, i.e., what is a 
strong stimulation for one nervous system is only of 
medium strength for another nervous system. The extra- 
ordinary flood made itself felt by inhibition only in the 
type we have so far discussed, producing no perceptible 
effect on the others. A bell did not act as an uncommonly 
strong stimulus, ie., inhibitory, on our dog until the ap- 
pearance of its neurosis after the flood (we may justly 
compare this neurosis with the so-called human 
traumatic neurosis), but after the dog had developed the 
neurosis the bell clearly became a strong inhibitory 
stimulus. The same can apparently be said of one of the 
normal hypnotic phases—the paradoxical, when only 
weak stimuli act positively and the strong ones lead to 
inhibition. 

Then we Cannot but note the clear resemblance of the 
passive-defensive reflex in dogs to the inhibitory process. 
Our dog, as we observed, had a nervous system in which 
the inhibitory process predominated. Its general be- 
haviour was characterised by the constant presence of the 
passive-defensive reflex. At the height of the development 
of its neurosis with all conditioned stimuli, during the 
paradoxical phase, when only the strong stimuli, ie, in- 
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hibitory stimuli, act, the passive-defensive reaction 
always comes to the fore. A surprising thing! Even in 
dogs, of which the passive-defensive reaction is usually 
not characteristic, this reaction clearly occurs during 
their paradoxical phase in response to strong conditioned 
stimuli, 

I think that on these grounds we may assume that 
normal timidity, cowardice, and especially pathological 
phobias, are based on a mere predominance of the physio- 
logical process of inhibition, as an expression of weakness 
of the cortical cells. Please, recall the afore-cited case of 
induction in which a purely physiological method tem- 
porarily climinated the inhibition and with it the passive- 
defensive reflex. 

As I gradually analysed the types of nervous system of 
different dogs it seemed to me that they all fitted in well 
with the classical description of temperaments, especial- 
ly their extreme groups-—the sanguine and the 
melancholic. The first of these is the type which con- 
stantly requires varying stimuli; this type untiringly seeks 
such stimuli and is in this case capable of manifesting 
extraordinary energy. Contrariwise, with monotonous 
stimuli iL very easily sinks into a stale of drowsiness and 
sleep. The melancholic type is the type with which we 
experimented. Let us recall the extreme representative 
of this type which J mentioned in the beginning of my 
lecture. Is it not natural to consider and call this type 
melancholic, if at every slep, at every moment, the en- 
vironment evokes in the animal the same persistent pas- 
sive-defensive reflex? 

Between these extremes are variations of the balanced 
type in which the process of excitation and process of in- 
hibition are both of equal strength and interchange 
promptly and exactly. 

Lastly, we have encountered in our dog a definite so- 
cial reflex, the effect of an agent of the social cnviron- 
ment. The dog, like its wild ancestor—the wolf, is a herd 
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animal, and man, owing to old historical association, 
represents a “Socius” for it. Dr. Speransky,?” who always 
brought this dog to the experimental room, treated it kind- 
ly and fed it, became a conditioned positive stimulus for 
the dog, which enhanced the excitatory tone of the cortex 
that eliminated, overcame the inhibitory tone. That Dr. 
Speransky was for the dog only a synthetic external 
stimulus consisting mainly of visual, auditory and olfac- 
tory components was demonstrated by our last experiment 
when even the scent of Dr. Speransky alone produced the 
same effect on the dog’s nervous system as he did himself 
only, of course, much weaker. 

This experiment together with one of our earlier ex- 
periments at last brings us into the field of social reflexes 
which we now include in the programme of our future 
experiments. 

Now it can hardly be doubted that vast prospects 
present themselves for purely physiological investiga- 
tions of the activity of the cerebral hemispheres with the 
aid of conditioned reflexes. 


INTERNAL TNICBITION AND SLEEP ARE ESSENTIALLY 
THE SAME PHYSICOCHEMICAL PROCESS0 


In the last lecture we arrived at the very important 
proposition that the cortical cell under the influence of 
conditioned stimulations inevitably, sooner or later, and 
with frequent repetitions very rapidly, passes into an in- 
hibited state. And this had 10 be most legitimately under- 
stood thus: this cell as, so to speak, the sentry post of 
the organism possesses the highest reactivily and, conse- 
quently, is subject to precipitate functional destruction, 
rapid fatigue. The inhibition which then develops, while 
itself not being fatigue, plays the role of a safeguard of 
the cell, preventing further excessive, dangerous destruc- 
tion of this exceptional cell, During the inhibitory period, 
remaining free from work, the cell restores its normal 
composition. This applies to all the cells of the cortex 
and, consequently, with numerous working cells of the 
cortex the entire cortex must develop the same inhibited 
state which we saw in individual cortical cells when they 
were acted upon by our conditioned stimuli. And this is 
a daily occurrence. H is our sleep and the sleep of all 
animals. All of our twenty-five years of work with the 
cerebral hemispheres have been a continuous and 
constant proof of this conclusion. Today this is one of 
the firmest propositions in the physiology of the cerebral 
hemispheres as we study it by our method. Sleepiness and 
sleep of our experimental animals have accompanied our 


109 


work from its very beginning and we still always have to 
do with them. Thus, we have accumufatcd vast factual 
material which during the different slages of our research 
naturally gave grounds for many assumptions which sotne- 
what differ from each other, But several years ago all 
these assumptions merged into a final proposition, which 
harmonises with absolutely all of our facts, that sleep and 
what we call internal inhibition are the selfsame process, 

The basic condition for the onset and development of 
this inhibition and sleep is absolutely the same. It is a 
more or less continuous or many times repeated, isolated 
conditioned stimulation, that is, stimulation of the corti- 
cal cell, In all the cases of internal inhibition, which we 
considered in the fourth, fifth, sixth and seventh leclures, 
we always encountered the sleepiness and sleep of our 
animals. If we effect extinction, we obseive in some 
animals even for the first time, in addition to cessation 
of the conditioned salivation and the corresponding 
motor reaction, extreme sluggishness compared with 
their state prior to the extinction. With the exlinction 
repeated for a number of days, even if alternated with 
application of reinforced conditioned stimuli, the thing 
almost always ends in distinct sleepiness and sleep in the 
stand, although this had not happened to the animal until 
then. The same thing is still more clearly observed during 
elaboration of differentiations. For example, we have for 
the animal a number of conditioned stimuli, including a 
definite tone. The animal is always wide awake in the 
stand. Then we start differentiating one of the marginal 
tones, Together with the differentiating inhibition which 
begins to develop, there appears a sleepiness which keeps 
increasing and which ends in deep sleep with complete 
relaxation of the skeletal muscles and snoring of the 
animal so that during the following positive conditioned 
stimulation and feeding we have to shake the animal out 
of sleep or even put the food into its mouth in order that 
it may begin to eat. We find the same thing during the 
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formation of a long delayed reflex (three minutes) so that 
forinerly, when we still had very little knowledge of the 
thing, we were unable to elaborate the reflex we needed 
because of the sleep developing in some of the animals 
at that time. Lastly, the same thing takes place during 
elaboration of conditioned inhibilion. It should be noted 
that the degree of interference of sleep somewhat differs 
in the different cases of internal inhibition. It makes itself 
felt the least, precisely in conditioned inhibition. 

This happens in all cases in which internal inhibition 
develops rapidly, owing to the fact that the conditioned 
stimulus is not accompanied by an unconditioned stimulus; 
but the same thing also occurs during slowly increasing 
inhibition of the reinforced but many times repeated 
conditioned reflexes, inhibition which was given special 
consideration in the last lecture. Here, too, months or 
years later, the thing ends in various transitional stages 
between waking and sleep (which will constitute the 
content of the next lecture) and complete sleep, depend- 
ing on the animal. The animals differ from each other 
as much in this respect as they do with regard to the 
rapidity of the onset of inhibition. 

Our work with conditioned reflexes is so replete with 
cases of inhibilion passing into sleep that there is no need 
citing separate examples. Thus, inhibition is really 
closely connected with sleep and directly passes into 
sleep, if no suitable measures are taken. 

It is interesting that there is hardly a stimulus for 
either internal inhibition or sleep which does not produce 
them under certain conditions. The strongest electric cur- 
rent applied to the skin as a conditioned food stimulus 
revealed in Yerofeyeva’s experiments after many monihs 
increasing inhibition during reinforced reflexes and in 
Petrova’s experiments demonstratively evoked sleep. On 
the other hand, various external agents playing the role 
of conditioned stimuli are arranged entirely alike as re- 
gards the rapidity with which they develop both internal 
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inhibition and sleep. In the last lecture it was observed 
that inhibition developed the most readily in response to 
thermal stimuli and with greatest difficulty in response 
to acoustic stimuli. Strictly parallel with this, sleep devel- 
ops rapidly in thermal conditioned reflexes, and more slow- 
ly and more rarely in acoustic reflexes. With thermal con- 
ditioned stimuli the interference of sleep is so insistent and 
deranges the work to such an extent that in the begin- 
ning of our research it was difficult to find people willing 
to work with these stimuli. 

Lastly, as has already been mentioned, the duration of 
the conditioned stimulation is of decisive significance to 
inhibition and the onset of sleep. Some dogs, if the con- 
ditioned stimulus is delayed 10-15 seconds, retain a per- 
fectly alert state during a long period of work. But as 
soon as the reflex is delayed 30 seconds and longer, the 
dog immediately develops sleepiness and slecp. This form 
of experiment is often truly amazing. The rapid transition 
from complete waking to actual sleep with such apparent- 
ly insignificant changes in the experimental conditions 
appears entirely unexpected. Our work contains numerous 
such examples with different periods of delay and dif- 
ferent degrees of distinctness. 

Ali the methods without exception, cited in the last 
lecture as retarding the onset of increasing inhibition of 
the long repeated, although constantly reinforced condi- 
tioned reflexes, as well as those eliminating inhibition, 
are equally suitable for the struggle against sleep. 

After all we have just said, the following most natural 
question arises: if sleep coincides to such an extent, in 
its appearance and disappearance, with internal inhibition, 
how can the latter be the most important factor of the 
waking state, the basis for the finest balancing of the 
organism with the environment? The facts reported in the 
earlier lectures must, in my opinion, entirely eliminate 
the seeming, at first sight, difficulty of the answer. In- 
ternal inhibition in the waking state is partial sleep, sleep 
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of separate groups of cells, like sleep is internal inhibi- 
tion, irradiated, spread over the entire mass of the 
hemispheres and the underlying divisions of the brain, 
It is, consequently, a matter of spatial limitation of inhibi- 
tion, its enclosure within a definite framework. And this 
is, of course, done by the antagonistic nervous process, 
as we saw it in the Jectures on the mosaic nature of the 
cortex and on its analysing activity. 

During extinction sleep does not appear, is precluded 
only when, after the already achieved extinction, we 
systematically apply reinforced conditioned stimuli and 
do not repeat the extinction too often. During differentia- 
tions the developing inhibition, at first accompanied by 
sleep, remains, so 10 speak, a business-like inhibition 
without being complicated by untimely sleep only when, 
intermittently with the non-reinforced agent, we use, and 
usually more often, our conditioned stimulus, the positive- 
ly aciing agent, i.e., the process of stimulation continu- 
ously counteracts the spread of the process of inhibition. 
The same thing occurs during conditioned inhibition and 
during depression. In all ihese cases, if the experiment is 
conducted expediently, sleepiness and sleep appear only 
as a phasic phenomenon, when an exact delimitation be- 
tween the regions of the excitatory and inhibitory proc- 
esses has not yet been established. As soon as the con- 
ditions of the experiment favour prevalence of inhibition, 
sleep sets in. Here is a vivid example. In the lecture on 
mosaic I mentioned a dog in which a positive conditioned 
reflex was elaborated to a definite tone, and the twenty 
neighbouring tones, upward and downward, were dif- 
ferentiated, ie., were negative conditioned stimuli. The 
dog was generally very much disinclined to sleep when 
a certain ratio in applying the positive and negative 
stimuli was observed, and alwuys fully reacted to all the 
positive stimuli. But as soon as the differentiated tones 
were brought into play several times in succession, the 
dog lapsed into such deep sleep dhat even very strong 
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outside stimuli were unable to awaken it. Contrariwise, 
sleep does not develop despite frequent application of 
negative conditioned stimuli, if they alternate with 
positive stimuli. Very instructive in this respect are the 
already mentioned experiments with mosaic and, espccial- 
ly, the experiments with the mechanical skin mosaic. 
Despite the fact that conditioned mechanical stimulation 
of the skin greatly disposes to sleepiness and sleep, Kupa- 
lov’s dog, on which only the mechanical skin inosaic has 
been practised for more than two years, displays no in- 
clination towards sleep, apparently because the inhibitory 
process is constantly isolated, enclosed in a narrow 
framework by the stimulatory process. We also counteract 
the widely iradiating inhibition by increasing the number 
of positive conditioned stimul which limit the spread of 
inhibition trom its starting-points. I shall cite a more 
coinplex example from the work of Petrova, an example 
which is partly related to this case. Vlaboration of a 
greatly uelayed (three minutes) food reflex 1o metronome 
beats was at once started in a dog. The dog soon began 
to lapse into a sleepy state and ended in complete sleep. 
Inhibition, which had to develop during the tirst period 
ot the action of the metronome, as very remote from the 
time the unconditioned stimulus was added, apparently 
prevailed, meeting with no due counteraction on the part 
of the process of stimulation, which had not yet manifest- 
ed itself, during the second period of the metronome action 
as direcily preceding the action of the unconditioned 
stimulus. Five new agents to be elaborated as conditioned 
stimuli were then introduced, the food being added to 
them only five seconds later. The sleepy state quickly 
disappeared and all the reflexes were easily formed; then 
the act of eating was gradually delayed, five seconds 
every day from the beginning of application of the con- 
ditioned stimuli, The latent period of the reflexes was 
also correspondingly prolonged, and, finally, without the 
least interference of sleep, six reflexes were obtained with 
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a latent period of 60-90 seconds, i.e, wilh a preliminary 
inhibitory process. Thus, the process of stimulation, which 
initially arose at six points of the cortex and only gradu- 
ally gave place to the process of inhibition, limited it in 
time and space and precluded sleep. 

Here we must also include the influence of the limita- 
tion of movement in our stand on some, though not many, 
dogs, especially inclined to inhibition and sleepiness. In 
these cases it is sometimes expedient to conduct the 
experiments, at least temporarily, on the floor, with the 
dogs unrestrained. It is to be assumed that the stimuli 
coming during movement from the motor apparatus and 
from the skin form alternately appearing foci of excita- 
tion in the cerebral cortex which also to a certain extent 
counteract the spread of inhibition, although here there 
is probably also another factor of greater importance, 
which will be discussed below. 

What we saw in the cortical cell as regards the appear- 
ance of inhibition in it in cases of conditioned stimula- 
tion, recurs in it during stimulation with any agent which 
is of no special conditioned physiological significance. As 
has already been mentioned, among the reflexes there is 
an investigating reflex. This reflex has as its poinis of 
application the cells of the cerebral hemispheres, as well 
as the underlying parts of the brain. In the presence of the 
hemispheres it apparently takes place with the participa- 
tion of the cells of the cerebral hemispheres. This is clear- 
ly demonstrated by its greatest finesse, when it appears 
during the slightest variation in the environment, which 
is possible only with the higher analysing function of the 
cerebral hemispheres and is absolutely inaccessible to 
the underlying parts of the brain. The investigating reflex, 
as we all know, infallibly weakens by repetition and, 
finally, completely disappears despite the continued ex- 
istence of the agent which has evoked it. Special experi- 
ments conducted in our laboratory by N. Popov have 
shown that the disappearance of the investigating reflex 
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is based on the development of inhibition and is quite 
analogous, as regards details, to the extinction of condi- 
tioned reflexes. 

Whereas the given agent of the investigating reflex ap- 
plied repeatedly at short intervals ceases in the course 
of the experiment to evoke the corresponding motor reac- 
tion, at longer intervals in the same experiment this reac- 
tion is restored, as is the case with the extinguished con- 
ditioned reflex. The investigating reflex which has disap- 
peared in the experiment because of repetition appears 
for some time, if immediately after its disappearance a 
new outside stimulus is used, ie., another investigating 
reflex is produced. Consequently, it becomes disinhibited 
like the depressed conditioned reflex. If the investigating 
reflex to a certain agent is repeated for a number of days, 
it disappears chronically as a systématically non-rein- 
forced conditioned reflex. Lastly, the extinguished in- 
vestigating reflex is temporarily restored under the in- 
fluence of stimulants (caffeine), as is the case, for ex- 
ample, with conditioned differentiated agents. This inhibi- 
tion of the investigating reflex infallibly, and even more 
readily than the inhibition of the conditioned reflex, leads 
to sleepiness and sleep. I shall now cite experiments from 
S. Chechulin’s work in which inhibition and sleep during 
the investigating reflex were combined with application 
of conditioned stimuli. 

A conditioned food reflex to a whistle was elaborated 
in a dog. Agents used for the first time—hissing, gurgling, 
mechanical Stimulation of the skin, etc-—are employed as 
stimulators of the investigating reflex. 


Conditioned stim- Salivation : 
Time ulus applied (in drops) ie i Notes 
for 30 seconds in 30 seconds ‘iicitistae | 
4.07 P.M. Whistle 3 3 3 
= 
o 
4:15, : 4 | 5 
en 
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Then, beginning on the twenty-first minute, the sound 
of gurgling is used for thirty seconds and repeated every 
two minutes. During the first three repetitions movements 
in the direction of the sound occur and gradually weaken. 
The fourth repetition reveals sleepiness. The sleep is in- 
terrupted by different factors of the stimulation until the 
eighth repetition. During the eighth and ninth repetitions 
there are no more movements in response to Lhe stimulus; 
the sleep is uninterrupted. At 4:43 P.M. gurgling alone is 
at first used for ten seconds and then a whistle is added 
to it for thirty seconds. There are no reactions, either 
motor or secretory; the sleep continues. Food awakens 
the dog, the dog begins to eat but remains slecpy alsa 
after eating. The experiment with the conditioned stimu- 
lus continues as follows. 


Conditioned Salivalion 


Latent period 


Time stimulus applied} (in diops) f Noles 
for 30 seconds {im 30 seconds | (7 Seconds) 
os P M | Whistle 5 : } reinforced 


Prior to this experiment the dog never slept in the stand. 
During the subsequent experiments, new agents evoking 
the investigating reflex were either repeated until the 
onset of sleep or only until the movements in response to 
them disappeared, but before the appearance of sleepi- 
ness. Twenty-one days after the foregoing experiment, an 
experiment with mechanical stimulation of the skin was 
performed. The experiment was conducted as follows: 


Conditioned 
stimulus of differ - 
ent duration 


Salivation fr stent period 


(in_ drops) 
in 30 seconds (in seconds) 


Time Notes 


205 PM Whistle 5 sec- Sas —_ 
onds 

212 » Whistle 30 sec- 6 i) reintotced 
onds 

22] » Whistle 5 sec- — — 
onds 
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Mechanical stimulation of the skin starts at 2:25 P.M., 
continues for thirty seconds each time and is repeated 
every minute, During the first three repetitions, the head 
moves in the direction of the stimulated spot. During the 
fourth and fifth repetitions there are no more move- 
ments. At 2:32.5 P.M. the mechanical stimulation of the skin 
alone is used for 10 seconds and then a whistle is added 
to it for thirty seconds. Salivation begins in the fifteenth 
second after the addition of the whistle and during the 
thirty seconds of its action two drops of saliva are secret- 
ed. The experiment is continued as follows. 


Conditionedstim-} Salrvation 
Time ulus applicd (in drops) 
for 30 seconds {in 30 seconds 


Lalent period Noles 
(in seconds) 


2:45 PM Whistle 5 7 reinforced 


In the beginning of the experiment the conditioned stim- 
ulus was reinforced now five and now thirty seconds 
later in order to preserve the normal value of its effect 
to the end of the experiment. 

We see that with repetitions of the agent which evokes 
the investigating reflex its motor effect keeps gradually 
diminishing and then with continued repetitions now 
sleepiness and sleep directly occur and grow deeper and 
now the agent remains for some time as though without 
any effect. However, the conditioned stimulus added to it 
(in the second of the just described experiments) attests 
that during this period it produces an inhibitory effect. 
That the inhibitory effect on the conditioned stimulus is 
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now not based on the mechanism of what we call external 
inhibition is proved by the fact that (as we saw It in the 
sixth lecture studying the effect of the investigating reflex 
on the delayed conditioned reflex) the investigating reflex, 
when it happens to be very small, disinhibits rather than 
inhibits the conditioned reflex. It follows that here we 
have the effect of inhibition developing during the repeti- 
tion of the investigating reflex and later passing into sleep 
during which the conditioned reflex disappears altogether 
(in the first of the just described experiments). 

We see the same thing particularly clearly marked in 
pups (J. Rozental’s experiment). During monotonous repe- 
tition of some stimulus and generally invariable environ- 
ment pups often lapse into sleep with amazing precision 
and rapidity. On the other hand, isn’t it a commonly 
known truth, although heretofore unelucidated scientifi- 
cally, that all people, especially those who have no strong 
inner life, irresistibly lapse into sleepiness and sleep in re- 
sponse to monotonous stimulations, however untimely and 
out of place this may be? It means that certain cortical 
cells which react to the given long-continued external 
agent spend themselves, pass into an inhibited state and 
in the absence of counteraction on the part of the other 
active points of the cortex the inhibitory process spreads 
and conditions sleep. The extraordinarily rapid exhaus- 
tion of the cortical cell with passage of the cell into an 
inhibited state sharply contrasts with the endurance of the 
cells of the lower parts of the brain under the same con- 
ditions. The experiments conducted by Zelyony in our 
laboratory have shown that, whereas in the normal dog 
the investigating reflex quickly disappears in response to 
a certain sound, the same sound in the same situation 
stereotypically evokes this reflex a great number of times 
in the dog deprived of the cerebral hemispheres. 

Now back to the conditioned reflexes. 

The following facts which we have repeatedly encount- 
ered also prove that exhaustion of the cortical cell and 
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its weakening in general serve as the basis for the devel- 
opment of inhibition and the following onset of sleep. 
When we impaired come analyser surgically, by an opera- 
tion on a hemisphere, the positive conditioned stimuli 
pertaining to it cither could hardly be applicd isolated for 
even a very short time (they were quickly transforined into 
inhibitory stimuli) or even altogether lost their positive 
effect, becoming only negative, inhibitory. This is partic- 
ularly easily and constantly observed during impairment 
of the cutaneous analyser. 

When the gyri coronarius and ectosylvius are extirpat- 
ed in the dog, its positive conditioned culancous mechan: 
ical reflexes from the extremities and the shoulder and 
pelvic girdles disappear for a considerable period of time 
(often for many weeks) and are replaced with negative 
inhibitory reflexes. The latter is proved by the fact that 
the positive conditioned stimuli from the other analysers 
act well prior to the application of the cutaneous mechan- 
ical stimuli and lose their effect after their application. At 
the same time these mechanical stimuli applied to the skin 
extraordinarily easily and rapidly evoke sleep in such dogs 
which never before slept, when thus stimulated during our 
work with them. This fact often assumes the following 
pronounced form. A conditioned cutaneous mechanical 
stimulus applied to the part of the skin surface impaired 
by an operation on the brain leads to inhibition and sleep- 
iness, while the same stimulus applied to twnimpaired 
places produces a positive effect and leaves the animal 
perfectly awake (experiments of N. Krasnogorsky, I. Ra- 
zenkov and V. Arkhangelsky). 

Here, too, we can justly mention the fact observed in 
the laboratory during the period of famine several years 
ago. Conditioned reflexes could not be studied on the 
emaciated animals because all the positive conditioned 
stimuli extraordinarily rapidly changed to negative stimuli 
and at the same time the dogs fell asleep precisely in con- 
nection with the application of conditioned stimuli. The 
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general emaciation of the animals made itself felt partic- 
ularly in the cortical cells (experiment of Frolov, Rozen- 
tal, et ab). 

In the very many cases hereiofore enumerated we al- 
ways saw that inhibition passed into sleep, but we could 
also. observe the reverse—sleep passing into inhibi- 
tion. We elaborated a conditioned reflex delayed for 
three minutes. The separate experiment sometimes proa- 
ceeds as follows. We place the animal in the stand, The 
animal is awake. But as soon as a conditioned stimulus is 
applied, the animal immediately becomes sleepy, the sali- 
vary effect is absent during all the three minutes and, 
when food is given, the animal does not at once eat the 
food and then eats it sluggishly. We repent the conditioned 
stimulus in the experiment several times at usual intervals. 
Each time, our dog becomes more awake during stimula- 
tion and at the end of the three minutes of stimulation 
salivation appears. Salivation increases with repetition, 
At last the three-minute period of stimulation is divided 
approximately into two halves: during the first half there 
is no salivation, although the animal remains entirely 
awake; during the second half there is abundant saliva- 
tion and the dog very rapidly and greedily eats the food 
given to it. Here the irradiated inhibition—sleep—which 
emerged in virtue of predominance at first of the inhibi- 
tory process during the first half of the action of the con- 
ditioned stimulus gradually passes into limited, concen- 
trated inhibition under the pressure of the continuously 
increasing process of stimulation connected with the 
second half of the action of the same conditioned stimulus. 
In similar cases we sometimes also see outright replacement 
of inhibition with sleep. The following relationship is some- 
times observed during a prolonged (three minutes) 
and a shorter delay (thirty seconds).. The animal usually 
remaining awake in the stand falls asleep during the exper- 
iment each time precisely in the beginning of the action 
of the recurring conditioned stimulus: the eyes close, the 
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head drops, the whole body relaxes and hangs in the 
straps, and even snoring is sometimes heard. But a cer- 
tain period passes (1.5-2 minutes during a prolonged 
and twenty-five seconds during a shorter delay), the ani- 
mal awakens by itself, salivation appears and a sharp food 
motor reaction is observed. It is clear that in this case 
concentrated inhibition is chronically replaced with dif- 
fuse sleep. Lastly, we can sometimes observe how sum- 
mation of two inhibitions produces sleepiness. 

One of the dogs (Fursikov’s experiment) had a well- 
elaborated conditioned reflex, delayed for three minutes. 
During the first two minutes the dog did not salivate, then 
salivation began and reached its maximum towards the 
end of the third minute. In the given experiment an outside 
agent—soft hissing—was used together with the conditioned 
stimulus. It disinhibited the first half of the reflex, a slight 
motor reaction, investigating reflex, being observed in 
response to the hissing. The conditioned reflex was rein- 
forced. When the same combination was repeated, there 
was no more Orienting reaction to the hissing, the condi- 
tioned reflex disappeared altogether and the animal was 
very sleepy. The reflex was reinforced again. The result 
must, apparently, be understood as follows. The investi- 
gating reflex to hissing is extinguished during the second 
time, ie., now it is inhibition that develops in response to 
hissing, as already mentioned in this lecture. This inhibi- 
tion added to the inhibition of the first phase of the delayed 
reflex intensifies inhibition so much that the active phase 
of the reflex is discontinued and gives way to the animal’s 
sleepiness. Continuation of the experiment attests that this 
interpretation of the experiment is correct. During the 
next repetition of the conditioned stimulation without the 
addition of hissing we obtain the proper delayed reflex with 
two phases. The combination of the metronome and hiss- 
ing repeated once more again reproduces the sleepiness 
and the conditioned reflex disappears, 

The following are the figures of this experiment. 
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In this case I deem it useful, for the sake of clarity, 
purposely to call your attention to the following. This 
experiment together with the afore-mentioned Chechulin’s 
experiments apparently adds an extra new phase to the 
action of outside agents on a conditioned reflex. If we 
take a strong external agent, this apent, as you remember 
from the sixth lecture on the delayed reflex, first inhibits 
the entire delayed reflex by the investigating reflex il 
evokes, then, when the investigating reflex considerably 
weakens during repetition, it only disinhibits the first 
phase of the delayed reflex and, lastly, as you are learning 
now, it inhibits this reflex once more, bui now on another 
basis, itself becoming the primary stimulator of the in- 
hibitory process in the cerebral cortex. On the other hand, 
the weak external agent, as was the case in Fursikov’s 
experiment, condilioning from the very beginning a weak 
and transitory investigating reflex, begins, during its first 
application, directly with disinhibiting action on the de- 
layed reflex and ends with the same second inhibition, 

The identity of the processes of inhibition and sleep is 
also attested by their common properties. In the preced- 
ing lectures we observed even too many facts incon- 
testably demonstrating the motion of the inhibitory proc- 
ess through the mass of the cerebral hemispheres; more- 
over, this motion proved very slow, was measured in 
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minutes, and even many minutes, and, besides, preatly 
varied as regards its speed in different animals and under 
different conditions. Sleep is obviously also a moving 
process. We all know how sleepiness and sleep gradually 
take possession of us and how often they retreat, are 
dispelled with difficulty and slowly. There is scientific in- 
formation on the gradual cessation of the function of dif- 
ferent sense organs and other more complex mental activi- 
ties during the onset of sleep. On the other hand, we all 
know that people differ very greatly as regards the rapid- 
ity with which they fall asleep and awaken, and this rapi- 
dity differs under different conditions. The same thing was 
observed by us in the dogs. 

Furthermore, we always saw in our work how inhibition, 
if it develops at first with difficulty, becomes an increas- 
ingly more easily reproduced process with practice, in 
connection with repetition and application of various cases 
of inhibition. Similarly conditioned stimuli, when they con- 
dition sleep under suitable conditions, as well as indifferent 
stimuli, evoke sleep more and more rapidly, the more often 
they are repeated. 

The following is particularly interesting. As was shown 
before, inhibition induces excitation. In some dogs in 
which, aS was reported somewhat earlier, during the 
delayed reflex the conditioned stimulus is replaced with 
sleep, instead of inhibition, in the initial phase of stimula- 
tion, the onset of sleep is sometimes preceded for a very 
short period by slight general excitement of the animal. 
This phenomenon comes to the fore still more clearly and 
constantly when the animal falls asleep under the influence 
of continued or repeated indifferent stimulation. This was 
often observed in Rozental’s afore-mentioned experiments. 
When the indifferent stimulus clearly begins to make the 
pup sleepy, the latter, before finally falling asleep, for 
some time becomes excited: it begins to move uneasily, 
scratch and bark without any reason into the air. I hap- 
pened to observe the same thing in children falling asleep. 
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A perfectly strange and unexpected picture. We can justly 
see the phenomenon of induction in it. The well-known 
excilation in the beginning of narcolisation could be in- 
terpreted the same way. 

J think that the aggregate of the alore-mentioned facts 
must be considered sufficient to prove conclusively the 
truth of our proposition that sleep and internal inhibition 
are the selfsame process. Personally I do not now know, 
do not see a single fact in our work that seriously contra- 
dicts our conclusion. It is a matter of regret that we have 
not as yet a good graphic method for picturing sleep. 
Only rarely have we used for this purpose descriptions of 
the position of the animal's head. Of course, the reports of 
our experiments concerning sleep accompanied by some 
picture of sleep would greatly add in your eyes to the 
cogency of our arguments. 

All the details of our normal, usual sleep apparently 
quite harmonise with our conclusion. Our daily work, very 
monotonous for some and, on the contrary, greatly varied 
for other people, must in the end equally condition the 
onset of slecp. Prolonged stimulation of the same points 
of the cortex leads io their very deep inhibition which, 
naturally, extensively irradiating, embraces the hemi- 
spheres and descends to the underlying parts of the brain. 
On the other hand, in varied activily, although individual 
points of the cortex do not reach a considerable state of 
inhibition, their greater number creates, even without 
wide irradiation, a diffuse inhibited state which also de- 
scends, Of course, a very large number of rapidly changing 
stimuli may often long resist the general involvement of the 
hemispheres by the inhibitory process and delay the onset 
of sleep. And vice versa, a strictly established order of 
alternation between waking and sleep, a fixed rhythm may 
enhance the insistence of sleep without sufficient fatigue 
of the cortical cells. In our experiments we had enough 
examples of analogous relations between the excitatory 
and inhibitory processes for both cases. 


TRANSITIONAL PHASES BETWEEN 
THE ANIMAL’S WAKING 
AND COMPLETE SLEEP (TTYPNOTIC PIASES) 31 


Last year I cited an imposing number of facts proving 
that sleep is internal inhibition, continuous (and not partial, 
constantly alternating with the process of excitation), spread 
over the entire mass of the hemispheres and clescended 
also to some underlying parts of the brain. It was to be 
expected that, since inhibilion spreads gradually, there 
would be a different extensiveness of sleep, a gradual in- 
volvement by it now of larger and now of smaller regions. 
Consequently, there must be different transitional forms to 
complete sleep. This is actually what takes place, and we 
observed and produced them. In our expcriments we had 
to do not only with the usual form of sleep characterised in 
the absence of normal activity of the hemispheres by relax- 
ation of the skeletal muscles (closed eyes, head dropped 
low, half-bent limbs and body passively hanging in the 
straps and loops for the legs), but also with an entirely 
different form as regards the state of the skeletal muscles. 
In this form the hemispheres are also inactive, all the con- 
ditioned stimuli fail to act and there is no reaction to any 
outside stimuli if the latter are not strong enough, but the 
animal retains quite an active pose. It stands with open 
fixed eyes, raised head, on taut limbs without resting on the 
loops for the iegs, and stands motionlessly for minutes and 
hours. If the position of its limbs is changed, the animal re- 
tains the position imparted to them. The jerking-away of 
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the paw on contact with its sole assumes the character of 
a contracture. When given food the animal does not react, 
remains motionless and does not take the food. This form 
of inhibition is encountered quite infrequently and we do 
not as yet know with what special conditions in the situa- 
tion of our experiment or with what peculiarity of the nerv- 
ous system it is connected. Our collaborator N. Rozhansky 
who carefully observed the transition from waking to sleep 
in dogs has arrived at the conclusion that the aforesaid 
state always exists under these conditions, but is usually 
a very fleeting and transient phenomenon. It is not partic- 
ularly difficult, as it seems to me, to understand this state 
physiologically. Here we have the inhibited activity only 
of the cerebral hemispheres, but the inhibition has not 
descended to the centres which regulate the balancing, Lhe 
fixing of the body in space (the Magnus-de Kleijn centres), 
ie., we have a cataleptic state. It follows that in this form 
the line of demarcation between the inhibited part of the 
brain and the part free from inhibition lies directly under 
the cerebral hemispheres. But il may also divide large re- 
gions of the hemispheres. We encounter this form more fre- 
quently and can even purposely reproduce it. We observed 
it for the first time under the following conditions 
(L. Voskresensky’s®? experiments). One of the dogs which 
had never before fallen asleep during work with it was 
frequently left alone in the stand and the experimental 
room for hours without any influences exerted on it and 
therefore began to lapse into a sleepy state. Evidently, the 
monotonous stimulation produced by the environment, as 
was shown in the preceding lecture, finally conditioned a 
strong continuous inhibition of the brain. The inhibitory 
effect of the environment became so strong that bringing 
the dog into the experimental room alone apparently im- 
mediately transformed it, especially when it was placed in 
the stand. The animal had to be purposely stimulated in 
every possible manner to prevent it from falling asleep 
towards the end of the preparations for the experiment. 
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When the experimenter later left the room to conduct the 
experiment from the next room and immediately, without 
losing a moment, began to act with conditioned food 
stimuli, the normal conditioned reflex wus always pres- 
ent: the dog salivated and immedialely began ito eat the 
food it was given. But if four or five minutes clapsed after 
the experimenter had left the room, the result was entirely 
different; the dog salivated in response to the conditioned 
stimulus, the salivary reaction increased when the dog was 
given food, but the animal did not take the food and had to 
be fed by force. At that time the skeletal muscles were not 
yet relaxed. If the experimenter waited with the application 
of the conditioned stimulus for ten minutes after leaving 
the room, it now produced no effect ut all and the animal 
turned oul to be completely asleep, muscles relaxed and 
snoring. What other explanation of this fact can there be 
except that during the initial spread of inhibition the latter 
involved for some time only the motor region of the 
cortex, as yet leaving unaffected all the other regions of 
the cortex whence the conditioned stimuli spread to the 
organ (gland) unconnected with the molor region, And 
only somewhat later did continuous inhibition involve the 
entire mass of the hemispheres and descend to the under- 
lying parts of the brain resulting in complete sleep. In the 
given case this stage of the developing sleepy state took 
place under the influence of indifferent stimuli acting for 
a long time on the cerebral hemispheres. Usually we have 
it during the action of negative conditioned stimuli repeated 
many times in the same experiment, as well as positive 
conditioned stimuli, especially weak, also during their 
frequent and continuous application. I shall cite two 
examples, 

The first example refers to a dog already mentioned in 
the earlier lectures; for this dog a tone of 256 vibrations per 
second was a conditioned food stimulus, while ten itones 
upward and downward from it were differentiated (Bier- 
man’s experiments?3), 
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Gondittoned stimu Saltvalion 
Time lus applied tor 40°} Gn diaps) Notes 
LECOLUTS i BO econds 
350 PM lone ol 2560 vibra Lats the food given 
tloms oo. “ 13 to al 
400 ” Lone of 1G vibtae 
lions te tanace 0) Gradttally becomes 
405” ‘Tone of 160 vibta- sleepy 
lions Ss 3 tee 0 
410 ” Tone of 610 vibta- 
tjons fede Gack 0 
At3 0” Tone of 256 vebta- 
flons wee ee 9 Does uol eal the food 
given to ib 


Iam taking Lhe second example from the work (Rozen- 
tal’s) with a clog which at first had many and constant 
conditioned food reflexes. But, when one more reflex was 
elaborated in the dog in response to Lhe appearance of a 
gray paper screen before its cyes and it was repeated many 
times and often continuously, one after another, in the 
same experiment, the following slate of the dog developed: 
the dog frequently secreted a considerable amount of saliva 
in response to the conditioned stimuli, but did not touch the 
food, 

Here is such an example. 


Conditioned stuuu- | Salivation 
Time lus apphed for 30 (in drops) Notes 
seconds in 30 seconds 
rte DM. Metronome beats . 5 | 
: » Flash of a bulb 7 : = 
321 Ghali sonnet « 7 { [Does not sat the food 
3:24» Belhck sess 4 7) Be ea 


In this case the dog only scarcely moves, but there is 
no visible sleep as yet. Without application of the condi- 
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tioned stimuli and in the same stand the dog greedily eats 
the same food. 

The following casual observation also belongs here. One 
of the dogs, which had long served for expcriments with 
conditioned reflexes, had never exhibited dissociated secre- 
tory and motor reactions in a conditioned food reflex and 
had never slept in the stand, was for the first time brought 
before a large audience to demonstrate certain experiments 
with these reflexes. The unusual and very complex situa- 
tion apparently greatly affected the animal: it grew torpid 
and slightly trembled. When the conditioned stimulus was 
tested, it evoked the secretory effect, as usual, but the dog 
did not take the food given to it and within a rather short 
time fell asleep in the stand, its skeletal muscles complcte- 
ly relaxed, right there in the room. This time the strong, 
unusual stimulus apparently directly inhibited the cerebral 
hemispheres, at first partly, only in the motor region, and 
then completely with transition to the underlying part of 
the brain. This case should be considered perfectly iden- 
tical with the usual form of experiment wilh the so-called 
hypnosis of animals when abrupt immobilisation of the 
animal and turning it over on its back also leads to inhibi- 
tion in different degrees of its diffusion, now only to cata- 
lepsy and even partial (body motionless but eyes and head 
moving), and now to complete sleep. In our laboratory we 
also had a case in which a very disobedient animal greatly 
resisted being equipped for the experiment and immediate- 
ly lapsed into complete sleep in the stand when its 
movements were suddenly limited by strong hands which 
applied a considerable mechanical stimulus to it. 

Thus both partial and complete sleep are produced 
by weak, long-continued general stimulation, as well as 
short but strong conditioned inhibitory and positive stimuli. 
I shall come back to some of the details concerning this 
case in my next lectures. 

But, in addition to the different extensiveness of diffuse 
inhibition, our factual material has acquainted us with 
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different variations, different stages of the very process of 
inhibition, with a different, if I may say so, intensity of 
diffuse inhibition, sleep. 

Before treating this subject I must touch upon a point 
which is of paramount importance to many of our experi- 
ments concerning variations of the diffuse inhibitory proc- 
ess. In one of the lectures I raised the question of what 
underlies, in the simultaneous complex stimulation, the 
disguise of the stimulus from one analyser by a stimulus 
from another analyser, and voiced the assumption that it 
may be connected with the different strength of the agents 
used by us and belonging to different analysers. The intend- 
ed experiments were performed during these lectures of 
ours and quite confirmed my assumption. When we pur- 
posely very greatly changed the relative intensity of our 
usual stimuli: considerably weakened the acoustic stimuli 
and either left the others as they were usually employed or 
intensified them, the acoustic agents now, on the contrary, 
participated less than the others in the effect of the 
complex stimuli, i.e., in individuul tests the conditioned 
action belonged much more to the latter than to the 
former. 

Here are our experiments. The simultaneous complex 
stimulation of one dog consisted of our usual mechanical 
stimulus of the skin and an acoustic, extraordinarily weak- 
ened stimulus (V. Rikman’s experiments). The firmly elabo- 
rated stimulus produced 4-4.5 drops of saliva in 30 seconds 
of isolated action. A separately tested acoustic component 
produced 0.5-1.5 drops and mechanical skin stimulus 2.5-5 
drops. The complex, also simultaneous, stimulation of an- 
other dog consisted in a rhythmic flashing of a 400-watt 
bulb and the sounding of a greatly dampened tone, The 
elaborated complex stimulus produced 7-8 drops of saliva 
in 30 seconds. A separately applied optic stimulus produced 
5 drops and an acoustic stimulus 2.5 drops. Similarly com- 
bined stimulation with cold at 0° C applied to the 
skin and a very weak sound, when broken up into com- 
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ponents, showed that the cold produced a much greater 
effect than did the sound (W. Horsley Gantt’s and Kupa- 
lov’s experiments). 

Thus, the difference in the effect of our usual conditioned 
stimuli belonging to different analysers is conditioned by 
the different strength of the stimuli and is not connected 
with the quality of the cells of the different analysers. 

With this proposition we can attack our next theme of 
the stages of the diffuse inhibitory process. This investi- 
gation was occasioned by the pathological state of a dog’s 
nervous system under the influence of one of our methods 
of a functional rather than surgical character. The patho- 
logical changes experimentally produced by us in the nerv- 
ous system will occupy our attention in the next lecture. 
Here I shall only describe the initial pathological experi- 
ment which gave rise to our further studies of healthy 
animals. 

Positive conditioned food reflexes to a whistle, metro- 
nome beats, rhythmic mechanical stimulation of the skin 
(24 contacts per minute), flashing of an electric bulb, as 
well as several differentiations, including a differentiation 
for another frequency of contacts (12 per minute) during 
mechanical stimulation of the skin at the same site were 
elaborated in a dog (Razenkov’s experiments), 

The following is the normal effect of the positive con- 
ditioned stimuli. 


> ee, 


Conditioned stimulus applied Salivation (in drops) 
for 30 seconds in 30 seconds 


Time 


2:03 P.M, Mechanical stimulation ot me 


skin (24 contacts) . 3 
210 Whistle. cco ee oe aS 5 
2:21 4 Flashing of bulb. . 2... 2 
2:32» Metronome beats .... . 3.5 
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From the foregoing it follows that the stimuli ranged 
in strength, from the strohg to the weak, thus: whistle, 
metronome beats, mechanical stimulation of the skin and 
flashing of the bulb. 

This was followed by an experiment in which among the 
other stimuli a differentiated mechanical stimulus (12 con- 
tacts per minute) was used for 30 seeonds and was directly 
replaced by a positive mechanical stimulus (24 contacts 
per minute) also for 30 seconds. 

The day after this experiment and during the subsequent 
nine days all the conditioned reflexes disappeared and were 
manifested only very rarely and to a minimal extent. This 
period was followed by a very special period. Here it is. 


Time Conditioned stimulus applied Salivation (in drops) 
for 80 seconds in seconds 
1:10 A.M. } Whistle 
Wig ” 0.3 
(1:32 ” Flashing of bulb 
1148 =” Metronome beats 1 
0:06 P.M. | Mechanical slimulation of the skin . 
(24 contacts) 5.5 


The result, as you see, is quite lhe reverse of what for- 
merly occurred normally: strong stimuli either failed to 
act or barely acted, while the weak stimuli produced an 
effect even greater than normal. Following ‘the example of 
N. Vvedensky*5 we named this state of the hemispheres the 
paradoxical phase. The paradoxical phase lasted 14 days 
and passed into the following phase of this form: 

Conditioned stimulus applied Sativation (in drops) 


Time hes 
for 30 seconds in 80 seconds 


[10:40 A.M. | Mechanical stimulation of the skin 


(24 contacts) 4 
10:48” Metronome beats 4.5 
10:58” Whistle 4 
{110 " | Flashing of bulb 4 
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We named this phase the equalisation phase, because 
during this phase all the stimuli proved equal in effect. The 
equalisation phase lasted seven days and was replaced by 
another new phase in which the intermediate stimuli be- 
came greatly strengthened, the strong stimulus slightly 
weakened and the weak stimulus produced no effect at 
all. The normal state was restored seven days later. In 
this work, as also in our subsequent experiments concern- 
ing this subject, we used, for the sake of greater incon- 
testability, the same stimuli but of different intensity, so 
that it was obvious that it was all a matter of the 
reaction of the cells precisely to the different strength of 
stimulation. 

Thus, we found for the first time in our experiments that 
the cells of the hemispheres pass through a number of 
special transitional states, from the normal state of exci- 
tation to that of complete inhibition, revealed in the un- 
usual reactions of these cells to the different strength of 
stimulation. 

After acquainting ourselves with these transitional states 
in a clearly pathological case we asked ourselves the 
next question: Do not these states perhaps also exist nor- 
mally during transition from waking to sleep and vice 
versa? It appeared probable that in the afore-described 
case the pathological state consisted only in the fixation 
of these states for a long time, whereas normally they could 
be very transient, without striking the eye, as was the case 
with catalepsy. Our investigations were directed along this 
line and led to an affirmative answer. The following are 
some of our experiments. 

Here is a dog already mentioned in this lecture before: 
in addition to one positively acting tone, this dog had 20 
differentiated neighbouring tones. Among many other 
positive conditioned reflexes this*dog had additionally 
elaborated reflexes to soft and loud crackling sharply 
differing as to the intensity of the effect. 

The following are their normal ratios. 
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Ti Conditioned stimulus applied Salivation (in diops) 
ime for 30 seconds in 80 seconds 
9:10 PM Loud crackling 12.5 

920 ” Soft crackling 4.5 

230 =” Loud crackling 11 


The experiment was continued as follows. By repeated 
application of the differentiated tones we brought the dog 
to a state of apparent sleep and applied the soft crackling. 
There was no secretory effect. By offering the dog food we 
awakened it and the dog began to eat. Somewhat later the 
soft crackling was repeated. Now it produced an effect, 
although a small effect as yet. The dog was fed again. The 
third time the crackling produced a normal and sometimes 
even a greater effect. Reinforcement was employed again. 
The next time a loud crackling was used. Its effect was 
somewhat inferior to that of the preceding soft crackling. 
And only somewhat later, when the waking state was 
completely restored, did loud crackling produce its normal 
effect and with this the usual quantitative relations be- 
tween these two stimuli generally appeared. 

Here are the figures of one of these experiments. 


F Conditioned stimulus applied Salivation (in drops 
Time for 80 seconds in 380 seconds 
2:48 P.M. | Loud crackling 13 


Then the dog was put to sleep by application of the 
differentiated tones. 


317 P.M Soft crackling 8 
B22s * - i 3.5 
3:26 n ” ” 7 
3:32, Loud —,, 6 
340, Sofl eA 5.5 
3:50 Loud , 10 


Sometimes, when these stimuli are repeated in such ex- 
periments, their equality, rather than’ the initial predomi- 
nance of the soft crackling over the strong, is observed. 
As the sleepy state is gradually dispelled under the influ- 
ence of the recurring short act of eating, the cortical cell, 
returning to the waking state, apparently, now passes 
through the paradoxical and equalisation phases. 

Consequently, we have the same thing asin the patholog- 
ical case with the only difference that what then lasted 
for days now lasts for minutes (Bierman’s experiment). 

In one of our other dogs, owing to protracted work with 
it, a light drowsy state developed in the stand and affected 
the conditioned reflexes in that the formerly distinctly 
different stimuli, as regards the exlent of their conditioned 
effect, were now all equalised. Injection of a suitable 
dose of caffeine put the dog into the initial waking state 
and with it restored the normal relations between the con- 
ditioned stimuli (N. Zimkin’s experiments). 


Time Conditioned stimulus applied Salivatlon (in drops) 
for 30 seconds in 30 seconds 
0:50 PM, {Loud metronome beats 8 
0:57, Flashing of bulb 75 
1:04, Loud bell 8 
Pelkie Choked metronome beats - 8 


The next day, 18 minutes before the experiment, 8 cm3 
of a two per cent solution of Coffeini puri was administered 
to the dog subcutaneously; the dog was perfectly awake. 


‘ Conditioned stimulus applied Salivation (in drops 
inte for 80 seconds in 30 aie 
0:18 P.M. | Flashing of bulb 7 
0:25, Loud metronome beats 10 
0:32 Soft bell 6 
0:39, Choked metronome beats 7.5 
0:46, Loud bell €5 


In the dog already mentioned in this lecture as exhib- 
iting the stage of dissociation of the secrelory reaction 
from the motor reaction, we frequently observed that, in 
this stage, of all the stimuli only the weakest (flashing 
of a bulb) sometimes produced the most positive effect by 
evoking the complete normal reflex: the dog salivated and 
ate the food it was offered. Thus, such cases with a cer~- 
tain degree of extensively diffused inhibition also included 
the paradoxical phase (Rozenial’s experiments). 

‘The following, also perfectly strange, phenomenon was 
observed during a clearly drowsy state, but as yet before 
the onset of complete sleep. When the conditioned positive 
stimulus either completely or almost completely lost its 
effect, the well-elaborated negative stimulus, on the contra- 
ry, produced a distinct positive effect. Here is an example 
(Shishlo’s experiments). 

Positive conditioned food reflexes to mechanical stimu- 
lation of the skin of the shoulder and thigh and to applica- 
tion of heal (£5' C) to the skin, as well as a constant nega- 
tive conditioned reflex to mechanical stimulation of the 
skin on the back were elaborated in the dog. The effect of 
the positive mechanical stimulation of the skin normally 
gave 15-18 drops per minute. The thermal conditioned 
stimulus quite soon hegan to evoke sleepiness and Sleep. 
The thermal stimulus was the first to be used in the given 
experiment. Sleepiness developed. Then the experiment. 
proceeded as follows. 


a ; Salivation 
ae Condilioned stimulus . : 
Time applied for 1 minute A eae Notes 
0:29 P.M.| Mechanical stimulation of 
the shoulder 2 ae wa , 
0:39 y ihe ciateal stimulation of oy ety Nene 
the thigh 1.5 ‘ ears 
0:50 ,, | Mechanical stimulation of j reinforcement 
the back 12 
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We repeatedly observed the same thing during some 
pathological states of the hemispheres. We named these 
states the ultra-paradoxical phase. 

While observing so many different states of the cerebral 
cells during the animal’s transition from waking to com- 
plete sleep and being cognisant of the fact that sleep is 
continuous and diffuse internal inhibition, we should have 
expected to encounter some of these states also in what we 
call consecutive inhibition with which we thoroughly ac- 
quainted ourselves in the early lectures on tnternal in- 
hibition. It seems to me that this had occurred in a single 
case as yet, which we were able to investigate precisely in 
conditioned inhibition (Bykov’s experiments). 

The dog had five positive conditioned stimuli: metro- 
nome beats, loud tone, the same tone greatly dampened, 
appearance of a cardboard circle before its eyes and 
mechanical stimulation of the skin, Conditioned inhibition 
was elaborated to a combination of mechanical stimula- 
tion of the skin and a gurgling sound. The conditioned 
stimuli, as regards the salivary effect (average of many 
experiments), ranged in the following order: 22 drops, 
18.5, 16.5, 13.5 and 10 drops in 30 seconds. As soon as the 
conditioned inhibition was finally elaborated, all the condi- 
tioned stimuli were tested. Ten minutes after application of 
the conditioned inhibition, metronome beats produced 16.5 
drops, the loud tone—16, the dampened tone—-20 and the 
circle—18 drops. Considering the possible participation of 
the motion of inhibition, as well as induction in this fact, 
the only thing that could be ascribed to the point of interest 
to us is that the dampened tone produced a more than 
normal effect when the effect of the loud tone was below 
normal. Since this occurred at the same point of the cortex 
we could interpret this as a manifestation of the para- 
doxical phase. We are now continuing this investigation 
on other types of internal inhibition. 

Then we dwelled on the following point. In the lecture on 
mutual induction we made the following assumption: Is 
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not what we call external inhibition a phenomenon of 
negative induction, i.e., inhibition induced on the periphery 
of the region which is in a state of excitation? In other 
words, is not external and internal inhibition basically the 
same physicochemical process? We planned to obtain 
perhaps some confirmation of this assumption by investi- 
gating the following question: Does not external inhibition 
condition the same states of the cortical cell with which 
we have just acquainted ourselves in the cases of internal 
inhibition? Since this investigation required a rather long 
period of external inhibition, we conducted it by introduc- 
ing into the animal’s mouth various disagreeable substances 
which produce protracted external inhibition. 

The experiments were conducted on two dogs with food 
reflexes, : 

In one dog (Prorokov’s experiments), after a soda so- 
lution was poured into its mouth, when the salivalion 
caused by it ceased, the strong as well as weak conditioned 
stimuli immediately tested were equally greatly inhibited, 
but later, during the nearest 15-20 minutes, the weak 
stimuli already acted normally and even more than nor- 
mally and were equal in their effect to the sirong stimuli 
or even considerably exceeded them if they were still 
greatly weakened. Here is an example. 

A soda solution was poured into the dog’s mouth at 
9:41 A.M. 


; Conditioned stimulus applied Salivation (in drops 

Time for 30 seconds in 30 Soh 
9:46 AM. Flashing of bulb 0.4 
951 , Mechanical stimulation of the skin 6,2 
9:56 , Loud bell 3.0 


The usual effect of the electric bell—about eight drops 
in thirty seconds; the effect of mechanical stimulation of 
the skin—about four drops. 
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In another dog (P. Anokhin’s experiments) the results of 
the experiments partly coincided with the result obtained 
on the first dog and partly differed from them. Ofter admin- 
istration of disagreeable substances into the dog’s mouth 
and cessation of the salivation caused by it, immediately 
and up to the end of the experiment all the stimuli which 
formerly always differed as to the effect they produced 
(the loud bell produced the greatest effect and the light of 
the bulb—the weakest) became equalised in this respect. 
But side by side with this the reflexes declined step by step 
during the experiment. The experiment proceeded as fol- 
lows. 

A soda solution was poured into the dog’s mouth. Sali- 
vation continued for 10 minutes. 


Conditioned slimulus applicd| Salivation (in drops) 


Time" 


for 380 seconds in 80 seconds 
11;10 A.M, Flashing of bulb * 12.5 
11:15 » ” ” 10.5 
11:20 » Loud bell 10,5 
14:25 Metronome beats 6.3 
11:30 » Soft bell 6.8 


Although the result obtained on both dogs generally 
favours the assumption that internal and external inhibi- 
tion are basically the same process, the complexity of the 
phenomena requires repetition and variation of these exper- 
iments with stricter attention to other possible interpre- 
tations of the facts. 

Lastly, we thought it interesting to investigate the rela- 
tion of our conditioned reflexes under the effect of hypnot- 
ics from the beginning of this effect to the complete lapse 
of the animal into sleep and the reverse, io the animal’s 
return to the waking state. For this purpose we used 
urethane and chloral hydrate. Here another course of 
phenomena prevailed almost exclusively, namely, a gradual 
diminution of all reflexes so that the weak stimuli natu- 
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rally became ineffective sooner than the strong stimuli. We 
named this state of the cells the narcotic phase. The follow- 
ing is one of these experiments (S. Lebedinskaya). 

The dog reacted to the following positive conditioned 
stimuli: loud bell, metronome beats, soft bell, mechanical 
stimulation of the skin and intermittent flashing of an 
electric bulb before the dog’s cyes. According to the effect, 
the stimuli ranged as they are listed. At 10:09 A.M. 2 g of 
chloral hydrate in 150 cm! of water was administered per 
rectum. The dog was in the stand, The experiment con- 
tinued as follows. 


Conditioned slimu- Salivation 
Time lus applied (iu drops) Notes 
for 380 seconds in 80 seconds 
10:14 A.M, | Metronome beats Sl Kals 
10.2{ » Flashing of bulb 3.5 Yawns and teels, 
cals 
10:29 » Loud bell 7 TTangs on 


straps, eats 
10:38 » Mechanical stimula- 


tion of the skin 0 ” ” 

10.45 » Soft bell 2 Slow] y as and 
eats 

10:53» Loud bell 0 . Sleeps, dues nol cat 
11:06 » Metronome beats 0 “ i 
11:13» Soft bell 0 2 ‘ 
1hslg Loud ” 5.5 Awakens, cals 
11:26 » Mechanical stimula- 

tion of the skin 0 } 
{1:35 Flashing of bulb ) 
{1:45 » Metronome beats 5 : 
11:53» Soft bell 9.6 
12:00 Noon | Mechanical stimula- 

tion of the skin 4 
0:07 P.M. | Loud bell 8.5 Tats 
O:15 Flashing of bulb 6 
0:24» Metronome beats 9.5 
0:34» Loud bell! 13 
0:42 » | Soft » 10} 
1:0. ” Mechanical st{trula- 

tion of the skin 5.5) 
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We see that during the development of the hypnotic 
effect all the stimuli gradually lost their effect, whereas 
during the return to the waking state all of them also 
gradually regained their normal effect. The only marked 
exception to the twenty stimuli was the soft bell which 
was sounded at 11:53 A.M. and produced a disproportion- 
ately great effect. 

Thus, on different healthy animals and under different 
conditions we obtained many different states of the hemi- 
spheres as regards their reactions to conditioned stimuli. 
The following question arose: To what extent are all these 
states, including the narcotic phase, peculiar to each ani- 
mal under the usual conditions of existence? While work- 
ing on this question we found ourselves in a fortunate 
position. Among our dogs there was one (the experiments 
cited at the end of Lecture Fourteen were conducted onithis 
dog) belonging to the extreme nervous type of which I 
shall speak in the next lecture. Under certain conditions 
this dog was often noted for the amazing conditioned 
reflex patterns of its higher nervous activity. It was 
repeatedly and deservedly called a “living tool” by 
us. This dog, as has already been reported, had ten condi- 
tioned reflexes: six positive—to a bell, metronome beats, 
whistle, increased general lighting of the room, appearance 
of a circle and a toy horse before its eyes, and four nega- 
tive reflexes—to another frequency of meironome beats, 
decreased general lighting of the room, a square and a 
toy rabbit of about the same size and colour as the horse. 
Of late we*have not, for some reasons, used the bell, and 
of the negative stimuli we used only differentiated metro- 
nome beats. Acoustic stimuli usually, and in the early exper- 
iments constantly, produced a much greater (30-50 per 
cent) salivary effect than did optic stimuli. After the dog’s 
long laboratory service (more than two years) the positive 
conditioned stimuli began to display a tendency to a de- 
creased effect and a change in the quantitative relations be- 
tween them, as it often occurs with our dogs when the same 
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conditioned stimuli are used for a long time. And now we 
could distinctly sce in our dog all the states of the hemi- 
spheres described earlier in this lecture as variations of the 
oncoming diffuse inhibitory process. Each of hese states 
of the hemispheres was either clearly marked throughout 
the entire experiment or, now by itself and now under the 
influence of our measures, passed into other states (Speran- 
sky’s experiments). The only thing we did not observe in 
this dog was the ultraparadoxical phase. Nor wits there any 
occasion for it, since the dog never became clearly sleepy. 

The following are experiments performed on different 
days and during different periods. 


Condilioned stimulus applied Salivation (in 
“ps 1G cae drops) in 80 
Tine for [5 seconds socal’ 
Normal experiment 
10:30 ALM, Metronome beats 8 
10-40 ” Increased lighting of the room h 
10:50 ” Whistle 8 
11:00 ” Cirele 5 
1:10 ” Metronome beals 9 
11:20 ” Increased lighling of the room 5 
11:30 » Whiistic 8 
11.40 ” Circle | fH) 
Experiment with Equalisalion Phase 
9:00 ” Metronome beats 7 
9:10 ” Increased lighling oF the room 5 
9:20 ” Whistle h 
9:40 » Cirele AG 
9:40 ” Metrononie beats 5 
9:50 ” Increased lighting of the room 5 
10:00 7 Whistle 5 
10:10 ” Circle 4 
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Salivation (in 
diops) in 30 
seconds 


Conditioned stimulus applied 


Time for 30 seconds 


Experiment with Paradoxical Phase Passing into Normal Phase 


10:00 A.M, Metronome beats 4 
10:11 ” Increased lighting of the room 6 
10:22 ” Whistle 4 
10:33 ” Circle 7 
10:43» Metronome beats 4 
10:54 4 Increased lighting of the room 2.5 
11:03 ” Whistle 9 
11312 ” Circle 4.5 
11:22” Metronome heals 9.5 
1:33 Increased lighting of the room 5 


Experiment with Complete Inhibition Passing into Narcotic Phase 


10:00» Metronome beats ) 
10:09.» Increased lighting of the room 0 
10319 Whistle 3 
10:31 ” Cirele 0 
10:42 Metronome beats 3 
10:52” Increased lighting of the room 0 
11:03» Whistle oe 


13:12 ” Circle 


When the reflexes greatly diminished and were perverted 
we intensified and corrected them, as was indicated in Lec- 
ture Fourteen, by acting with conditioned stimuli to the 
point of addition of an unconditioned stimulus for a shorter 
time. Hence, the different duration of the isolated condi- 
tioned stimulation in the experiments cited there, Transi- 
tion from one phase to another in thé two last experi- 
ments occurred, it must be assumed, under the influence of 
the repeated act of eating. But we ourselves possessed two 
special methods by which we could immediately change the 
phases. These were—application of always complete differ- 
entiation (to another rate of metronome beats) as an agent 
concentrating inhibition or inducing the process of excita- 
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tion, as well as application of a social stimulus which was 
the presence of the experimenter, the dog’s master, in the 
experimental room. 

Here are examples. 


Conditioned stimulus Salivation (in 


Time applied for 80 seconds ses osneed 30 Notes 
9:30 A.M. | Metronome beats 0 Does not eat 
9:37 Toy horse 0 a 
945  » Differentiation 0 
9:52» Metronowe beats 4 ] 

9:59 Increased lighting of the 
room 9 | 
10:10 = | Whistle 6.5 } Eats 
10:18 » Toy horse ll | 
10.30» Metronome beats 12.5 
10:38» | Circle 8.5 | 


The complete inhibitory phase (there is neither secre- 
tory nor motor reaction) after application of differentiation 
passes first into the paradoxical and then into the normal 
phase. 


Conditioned stimulus Salivation (in 


Time applied for 30 seconds ee Notes 
10:00 A, M.} Metronome beais | 0 | Does nol eat 


Experimenter enters and stays in the room with the dog. 


10:09 Metronome beats 9 Eats 
10:18 Increased lighting of the 
room 3.5 


The presence of the experimenter in the room with the 
dog immediately transforms the complete inhibitory phase 
into the normal phase. 
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The question whether it is possible to arrange the afore- 
said transitional phases in the states of the hemispheres in 
a single series and, if it is possible, in what series is as yet 
completely unsettled for us. If we take all our cases, the 
succession of the phases proves to be quite diverse. Thus 
it is still unclear whether these states are strictly successive 
or parallel. Nor can we point out exactly why a given phase 
directly passes now into one and now into another phase. 
Consequently, further research is required. 

It can hardly be doubted that the states of the hemi- 
spheres described in this lecture are what is known as hyp- 
nosis in its different stages and features. We shall deal 
in detail with the phenomena of human hypnosis in con- 
nection with the facts, obtained by us, in the next lecture. 


DIFFERENT TYPES OF NERVOUS SYSTEM. 
PATHOLOGICAL STATES 
OF THE CEREBRAL DEMISPHERES AS A RESULT 
OF FUNCTIONAL INFLUENCES EXERTED ON TELEM36 


Until now we have studied the normal activity of the 
cerebral hemispheres. But the experiments 10 which we 
subjected our animals, in other words, the neural tasks 
which we gave them, without, of course, at firsL having any 
idea of the possible limits, so to speak, of the endurance 
of their brain, in our experiments sometimes produced 
chronic disorders of the normal activity of the cerebral 
hemispheres, Here I mean only the functional disorders and 
produced also functionally and not surgically. In some cases 
these disorders gradually passed by themselves under the 
influence of rest alone, owing to cessation of the experi- 
ments, and in other cases proved so stubborn that they 
required special therapeutic mneasures on our part. Thus 
the physiology of the cerebral hemispheres changed before 
our eyes into their pathology and therapy. The patholog- 
ical states of the hemispheres were manilested very differ- 
ently in our different animals under the influence of the 
same harmful conditions. Some animals fell ill seriously 
and for a long time, others lightly and for a short time, 
and still others endured the same influences almost withoul 
any effect. 

In some dogs the deviations fron: normal proceeded in 
one direction, in others—in another direction, Since this 
diversity was apparently connected with the difference in 
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characters, types of nervous system of the different ani- 
mals, it is necessary to dwell on the types of nervous 
system of our dogs before dealing with the pathological 
states of the hemispheres. At the present time rather exact 
criteria are already beginning to show in our studies of the 
cerebral hemispheres and with these criteria we shall be 
able to produce strictly scientific characteristics of the 
nervous system of our different animals. Among other 
things we shall then be able {to conduct on our 
animals a strictly scientific experimental study of the 
hereditary transmission of the various aspects of nerv- 
ous activity. Now I shall describe these types as they 
appear to ordinary observation. Two types, and extreme 
types, it must be assumed, have come particularly defi- 
nitely and distinctly to the fore. 

One type has long since made itself known to us. I re- 
peatedly mentioned this type in my early articles and re- 
ports as a type which we at first failed to understand when 
we used it for our experiments. When, because of our in- 
experience in our early work, we encountered considerable 
difficulties with the sleepiness of the animals while using 
some conditioned stimuli and some of our methods, we 
wanted to do away with this evil by choosing for our 
experiments particularly lively dogs. These were extremely 
fussy animals, which sniffed at everything, examined every- 
thing, quickly reacted to the slightest sounds, and were 
very impertinent when making the acquaintance of people 
(and they made this acquaintance very readily); they were 
animals which could not be easily pacified with either 
shouting or light whipping. And it is precisely these animals 
which, when placed in the stand, limited in their movements 
and, especially, left alone in the experimental room, despite 
the use of conditioned stimuli with feeding or pouring 
acid into the mouth, very quickly became sleepy and their 
conditioned reflexes either greatly diminished or complete- 
ly disappeared. Our recurring agents, when no strong con- 
ditioned stimuli had as yet been elaborated from them, 
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demonstratively at once caused sleepiness although the dog 
was still awake since the beginning of the experiment. 
Some of these dogs, even in experiments not in the stand 
but outside of it, if the experimenier remained impartial 
to them and did not, so to speak, amuse them, also soon 
began to close their eyes, reel and finally lay down on the 
floor. This often happened immediately after the dog was 
fed following the conditioned stimulus. Ai first we had to 
give up our work with such animals. But then we gradually 
found a way of handling them. If conditioned reflexes to 
many different agents were simultaneously elaborated in 
these dogs, if the same stimuli were not repeated in the 
course of the experiment, if no long intervals between the 
individual stimuli were made, if not only positive but also 
inhibitory reflexes were developed in the dogs, in other 
words, if the experiment was greatly varied in a, so to 
speak, business-like manner, they became quite satisfac- 
tory experimental objects. The question Lhat still remains 
and that we are now trying to settle is whether this type 
has a strong or weak nervous system. 

Offhand, before establishing a more scientifically sub- 
stantiated system, I thought that the types of dogs, as I 
chanced to acquaint myself with them during experiments 
in the laboratory, in some measure corresponded to the 
ancient classification of the so-called temperaments. The 
dogs I have just described must then be recognised as true 
sanguine itypes. If the stimuli are rapidly changed, they are 
energetic and business-like, but, if the surroundings be- 
come in the least monotonous, they are sluggish, sleepy 
and, consequently, inactive. 

The other type of dogs, also very clearly defined, must 
be placed at the opposite end of the classical series of 
temperaments. In any new, especially somewhat unusual 
circumstances they are greatly restrained in their move- 
ments and continuously inhibit them; they walk slowly 
along walls on rather stiff legs and frequently, with the 
least outside movement or sound, completely crouch on the 
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floor. A shout or threatening movement of a human being 
immediately immobilises them in a passively sprawled 
pose. Whoever sees them immediately takes them to be 
very cowardly animals. It is but natural that they very 
slowly adapt themselves to our experimental situation 
with the different manipulations performed on them, But 
when all this finally gets to be the usual thing for them, 
they become mode! objects for our investigations. The 
animal praised at the end of the last lecture belongs to 
this type. Usually dogs of this type do not sleep in the 
stand. If the experimental situation remains more or less 
monotonous, al] their conditioned reflexes, especially the 
inhibitory reflexes, prove highly stable and regular. We 
now have in our laboratory an extreme representative of 
this type which we are studying. This female dog was born 
in our laboratory and had never had any trouble with any- 
body. When she was about one year old she began to be 
brought to the experimental room where she was fed only 
a few times in the stand during the formation of condi- 
tioned reflexes in the course of the experiment. She is 
still the same she was five years ago when she first ap- 
peared in the experimental room. She has not yet become 
accustomed to the laboratory. On her way with her master 
(experimenter) to the experimental room, always with her 
tail between her bent legs, she invariably either precipitate- 
ly leaps to a side or backs up and crouches on the floor 
when meeting the permanent members of the laboratory 
(some of them always pet her). She similarly reacts to the 
least unintentional livelier movement or louder word of 
her master. With respect to us she behaves as if we were 
her most dangerous enemies from whom she constantly 
and cruelly suffers. Despite all this, however, when she 
finally adapted herself to the situation in the experimental 
room, she formed many precise positive, as well as nega- 
tive, reflexes. This was so unexpected that we gave her 
the flattering name of “Smarty”. I shall come back to this 
animal later. 


150 


It would be no exaggeration lo regard such animals as 
the melancholic type. We cannot help considering their life 
unhappy if they inhibit constantly and without any need 
the inain manifestation of life—motion. 

Eoth described types are apparently extreme types: the 
process of excitation excessively prevails in one and the 
process of inhibition in the other. They are therefore 
limited types with, so to speak, restricted boundaries of 
life. One of them requires constant change of stimulations, 
their novelty, which the surroundings may often lack. The 
other one, on the contrary, needs a very monotonous life’s 
situation which, however, may be replete with variations 
and changes. 

In relation to the afore-described types I decm it 
necessary briefly to dwell on the following. Some of you 
may, in view of what I have reported on these types, have 
some objection to the proposition of the identity of sleep 
and internal inhibition in that the type with the excitatory 
process prevailing is greatly inclined to sleep under the 
conditions of our experiments, while the lype which is so 
easily inhibited, on the contrary, remains awake under the 
same conditions. But these, as has already been pointed 
out, are extreme types with special qualities of the nerv- 
ous system and, hence, with special conditions of their 
existence. If we assume—and justly so—that function 
exhaustion of the cells provides an impetus for the 
emergence of the inhibitory process in them, it will become 
clear that the extraordinarily irritable cortical cells, ie, 
the cells with precipitate functional destruction, will par- 
ticularly tend to develop the inhibitory process which will 
spread extensively as long as they are subjected to pro- 
tracted monotonous stimulation. Only a quick change to 
the new stimulations addressed to other cells may 
neutralise the natural but, perhaps, biologically unprofitable 
result of the given property of the nerve cells. Similarly, if 
the so easily emerging inhibition of the motor area of the 
cortex (this passive-defensive reflex) were accompanied 
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by a spread of inhibition over the entire mass of the hemi- 
spheres and further down the brain, this second type 
would be biologically impossible and would have no 
chances for a stable existence. There had to be a chance 
for restoring the vigorous activity of the organism, as soon 
as the cause evoking the initial inhibition had passed, and 
this is precisely what the cells of the hemispheres, remain- 
ing uninhibited, do. Consequently, the limited spread of in- 
hibition is in this case a special, biologically elaborated 
property of a generally defective nervous systcm, a special 
adaptation, just as man can learn to sleep even on the 
move, i., to limit the inhibition only to the hemispheres 
without letting it go down lower. 

Now about the other variations of the nervous system. 
Between the afore-mentioned extreme types there are 
numerous intermediate types in which the processes of 
excitation and inhibition are more or less balanced, How- 
ever, some of them somewhat approximate to one extreme 
type and others to the other, while, on the whole, they are 
better adapted to life and, consequently, are viable. Some 
of these animals are lively, active and, for the most part, 
aggressive. Others are quiet, sedate and restrained, I re- 
member one dog of the latter group with truly amazing 
behaviour. I never saw this dog, when brought to the 
laboratory from the kennel, to lie down on the floor in ex- 
pectation of the experiment, but at the same time it seemed 
to take no interest in what was happening in its surround- 
ings and did not establish either friendly or hostile relations 
with any of us, including even its experimenter. The dog 
was never sleepy in the stand and always manifested 
precise positive as well as negative conditioned reflexes, 
especially, the latter. In any event, a strong inhibitory proc- 
ess had to be ascribed to this dog. However, it was also 
capable of great excitement. Once I managed to disturb 
its usual tranquillity by making extraordinary sounds be- 
fore it with the aid of a toy trumpet, while wearing an 
animal’s mask. Only in this case did it lose its invariable 
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composure; it began to bark loudly and rushed at me. A 
truly phlegmatic but strong nature. 

Another group apparently belongs more to the excitable 
type, perhaps corresponding io the choleric temperament 
in ancient classification. In these animals the negative con- 
ditioned reflexes are not infrequently disturbed. 

Of course, there are many animals of a less definite type. 
But, as a whole, the entire mass of our animals before 
our eyes is divided into two categories: with extraordinary 
or moderate predominance of the excitatory process and 
extraordinary or moderate prevalence of the inhibitory 
process. 

Now I can deal with the pathological states of the hemi- 
spheres which we either observed casually or produced 
ourselves purposely. 

The first case of this type was observed under the follow- 
ing circumstances. As was pointed out in one of the 
earlier lectures, we were able to elaborate a conditioned 
food reflex to very strong electric current applied to the 
dog’s skin. Instead of the inborn defensive reaction the 
animal responded to it with a food reaction: it turned to the 
side whence the food was served, licked its lips and secret 
ed abundant saliva (Yerofeyeva’s experiments), Elabora- 
tion of the reflex began with a very weak current which 
was then gradually boosted to extraordinary intensity. 
This reflex persisted for many months; moreover, the 
electric current was sometimes replaced by cauterisation 
or mechanical destruction of the skin with the same result. 
The dog always remained perfectly normal, and within 
several months this peculiar conditioned stimulus, like all 
the other conditioned stimuli, slowly began to change to 
an inhibitory stimulus, precisely the salivary reflex begin- 
ning to be delayed from the moment the stimulus was ap- 
plied. Formerly we sometimes also tried other points, 
besides the one point at which this reflex was initially 
elaborated, and then decided systematically to use our 
electrodes at new points. For some time the food reflex 
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persisted without the least interference by the defensive 
reaction. But at a certain point everything sharply and 
immediately changed. Not a trace of the food reaction was 
left, there was only a very strong defensive reaction. Even 
when we used an extraordinarily weak current which was 
ineffective before the elaboration of the conditioned reflex, 
we now had the same very strong defensive reaction at 
the very first point on the skin as well. The same thing was 
repeated on two more dogs. In one of them this explosion of 
excitation occurred al the ninth point, while in the other 
it did not take place even at the thirteenth point. But, 
when this electric stimulation was repeated in the same 
experiment at many of these points, and not at one as was 
done before, the same thing occurred. Nothing could be 
done immediately after this to restore the food reflex to 
the current in any of these dogs. The animals became highly 
excitable and uneasy, as they had never been before. In one 
dog after a three-month intermission in the expcriments 
we could resume elaboration of the same reflex, by 
elaborating it with greater caution than the first time and, 
finally, restore it. In other animals even the intermission 
did not help. The afore-mentioned procedure apparently 
reduced the nervous system to a chronic pathological state. 
Regrettably, we have not preserved any information con- 
cerning the types of nervous system of these dogs. 

The afore-described fact did not attract our particular- 
ly active interest perhaps because it occurred under ex- 
ceptional conditions. But some time later we observed the 
same thing under more usual.experimental conditions. 
Here is this observation. 

We were studying the analysing activity as regards the 
extent of discriminating forms of objects with the eyes 
(Shenger-Krestovnikova’s experiments), A light form of a 
circle was projected on a screen before the dog and the 
animal was simultaneously fed. When the reflex was 
formed, we started differentiating from the circle an ellipse 
of the same lighting and the same size of area with a 
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2:1 ratio of the semi-axes, i.¢., the appearance of the circle 
was followed by feeding, while no food was given at the 
appearance of the ellipse. A complete and constant dif- 
ferentiation was obtained quite soon. Then by stages (3:2, 
4:3 ratios of the semi-axes, etc.) we began to approximate 
the ellipse to the circle continuing to elaborate differentia- 
tions 1o these consecutive ellipses. The elaboration pro- 
ceeded with variations (at first increasingly more rapidly 
and then slowing down again) smoothly up to the ellipse 
with a 9:8 ratio of the semi-axes. Now considerable, 
although incomplete discrimination was attained, During 
the three weeks that this differentiation was applied the 
state of affairs did not improve but, on the contrary, 
changed sharply for the worse: the discrimination between 
the circle and this ellipse completely disappeared. At the 
same time the dog’s behaviour markedly changed. Former- 
ly calm, the dog now squealed in the stand, fidgeted, tore 
off the pieces of apparatus fastened to il or bit through the 
rubber tubes running from them to the experimenter, some- 
thing that had never happened before. When brought into 
the experimental room the dog barked, which was also 
unusual. When the easier differentiations were tested, it 
was found that they had also suffered, even the very first 
one with the 2:1] ratio of the semi-axes, This latter had to 
be restored to its former precision much more slowly 
(more than twice as slowly) than was the case during its 
first elaboration. During the second elaboration of the easy 
differentiation the animal gradually grew calmer and, 
finally, completely returned to its normal state. The iransi- 
tion to finer differentiations occurred even more rapidly 
than the first time. During the first application of the 
ellipse with a 9:8 ratio of the semi-axes a complete discrim- 
ination from the circle resulted, but not a trace remained 
from this discrimination when the ellipse was used for the 
second time, and the dog again returned to an intensely 
excited state with all the former consequences. At this 
point all the experiments with the dog were discontinued. 
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Here are several actual experiments from the aforesaid 
work, 


Experiment Conducted on August 4, 1914 


Conditioned stimulus applied Salvation (in diops) 
Time for 30 seconds in 30 seconds 


4:10 P M Cucle 4 
422 » ” 6 
437 » Ellipse (43 ratio of the semi- 

axes) 0 
455 » Ciicle 4 


Experiment Conducted on Seplembe: 2, 1914 


1:10” Circle 2 

127004 ” 8 

2 06 ” ” 10 
216 » Ellipse (9 8 ratio of the seimt- 

anes t 

230 7 Cucle § 

248 =» 7 8 

Experiment Conducted on September 17, 1914 

320 » Circle 4 

es) = 7 
3:54» Ellipse (9 8 1atio of the sem:- 

axes) 8 

409 » Circle 9 

Experiment Conducted on September 25, 1914 

217 » Circle 9 
247 = Ellipse (2:1 ratio of the semi- 

axes) 3 

308 ” Cirele 8 

3:22» 2 8 
3.46 =” Ellipse (2:1 ratio of the semi- 

axes) 8 
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Experiment Conducted on November 13, 1914 


10.55 AM. | Circle 10 
{1:05 ” 3 7 
i}30 ” Ellipse (2 | ratio of the semi- 

axes) 0 
1144 ” Cucle 5 


In the first experiment the ellipse with the 4:3 ratio of 
the semi-axes produced a zero effect. In the second experi- 
ment the ellipse with the 9:8 ratio produced only one drop 
of saliva during tthe first period of elaboration of a differen- 
tiation to it, but after its application for two weeks equalled 
in its positive effect the circle in the third experiment. After 
this even ithe ellipse with a 2:1 ratio in the fourth experi- 
ment was no longer completely differentiated and, only in 
the fifth experiment after constant application for six 
weeks, became zero again. 

After this work the foregoing fact concentrated our 
attention on itself and we started to elaborate it purposely. 
It was clear that under certain conditions the meeting of 
the excitatory and inhibitory processes led to a disturbance 
of the usual balance between them and created in greater 
or lesser measure and for a longer or shorter period an 
abnormal state of the nervous system. In the first case, 
during the formation of a food stimulus from’strong electric 
current, the inborn defensive reflex had 10 be inhibited, and 
in the second case, during differentiation, as we already 
know from an earlier lecture, inhibition also had to come 
into play. Up to a certain point the opposile processes 
were balanced, but under certain conditions of their rela- 
tive intensity or spatial delimitation the normal balance 
between them became impossible and everything ended in 
the predominance of one of them (as we shall see later), 
i.e., a pathological state. 

For our subsequent experiments we intentionally chose 
dogs with different types of nervous system to see how 
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each of them was affected by the pathological state of their 
nervous activity produced by our functional (not surgical) 
influences. The first such experiments (Petrova) were per- 
formed on two dogs with, judging by their general behay- 
iour, antagonistic properties of the nervous system. These 
were the same dogs which were mentioned in the lecture 
on sleep and in which the sleepy state produced at first 
was then eliminated by application of many conditioned 
reflexes (six) rapidly following each other and, moreover, 
with a five-second interval between the beginning of the 
conditioned stimulation and the addition to it of an uncon- 
ditioned stimulus. During these experiments, in addition to 
eliminating sleep, we obtained vivid and precise proof of 
the great difference in the characters of the nervous 
systems of both dogs which completely confirmed the 
initial diagnosis of these characters made on the basis of 
usual observation, This proof was furnished by the process 
which transformed in the dogs their almost coinciding 
conditioned reflexes into greatly delayed ones, when the 
unconditioned stimulus was added to the conditioned stim- 
ulus only three minutes after application of the latter. 
The transformation occurred gradually: each day the un- 
conditioned stimulus was moved five seconds from the 
application of the condilioned stimulus. Of course, in keep- 
ing with this, the, what we call, latent period, i.e., the space 
of time after which salivation begins following application 
of the conditioned stimulus, gradually increased. This delay 
was developed simultaneously to all the stimuli. While one 
dog with predominance of the inhibitory process, according 
to our preliminary diagnosis, coped with the task of delay 
at once and more or less calmly, the other one, with pre- 
dominance of the excitatory process, reacted to the same 
task quite differently. When the delay reached two minutes, 
the dog became excited and with the subsequent delay to 
the marginal value of three minutes, it actually became 
furious: it incessantly moved all parts of its body, squealed 
and barked intolerably, salivated continuously, the saliva- 
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tion extraordinarily increasing during the action of the con- 
ditioned stimuli; nol even a trace of the delay was left. 
Apparently, the preliminary inhibition of many conditioned 
stimuli required by the conditions of the experiment was 
greater than the dog could cope with, was too greal a task 
for the excilable nervous system of this dog and was mani- 
fested in a natural struggle against this torture. It must be 
added that this difficulty of balancing the two antagonistic 
processes was observed by us in many dogs in the form of 
excitement, but this excitement had never yet reached such 
an extent. But, to be sure, this time the problem was also 
much more serious, because the two processes had to be 
balanced simultaneously at many points of the hemispheres. 
There was nothing else we could do but discontinue the 
experiment in that state. It is very interesting that the task 
which had at first proved impossible was later, neverthe- 
less, satisfactorily accomplished by the given nervous 
system. For this, it was at first necessary to confine our- 
selves only to one conditoned stimulus, The dog grew calm 
and even began to sleep during the experiment not only 
in the stand but also on the floor outside the stand during 
the experiments. Then all the conditioned stimuli were 
applied again but only with their five-second action before 
the addition of the unconditioned stimulus. Later this 
isolated action was again gradually prolonged to three 
minutes. This time a good delayed reflex calmly formed 
as I mentioned il in the lecture on sleep. The dog was 
sleepy for 1.5-2 minutes from the beginning of the action 
of the conditioned stimulus, but at the end of the second 
minute, or in the very begining of the third, it quickly came 
out of the sleepy-passive position and a sharp food re- 
action, both motor and secretory, occurred. Thus, owing to 
rest, gradualness and repetition, we attained the balance of 
both processes which we had been unable to do the first 
time. 

Since the difference in the nervous systems of the dogs 
became clearly defined, we turned to the main aim of our 


159 


experiments, but decided to proceed to it in a manner some- 
what differing from that in the afore-described casual ob- 
servations. In the greatly delayed reflexes, i.e., with the 
long preliminary inhibitory process, we applied other types 
of inhibition: differentiating, conditioned and extinguishing. 
We had the idea that perhaps with such complex system of 
inhibitions we would obtain the same disturbance in the 
normal balance between the two nervous processes that 
we had in those observations. We were wrong, no disturb- 
ance occurred. But during all these additional cases of 
inhibition the difference between our two dogs was always 
in evidence. The excitable dog temporarily accompanied 
the elaboration of each new inhibition by considerable 
excitement, while the other dog barely displayed any signs 
of difficulty. With this state of affairs we made use of our 
tested method, We began to elaborate a conditioned food 
reflex to electric current applied to the skin. The reflex was 
elaborated and practised with some interruptions for a con- 
siderable length of time. Now a chronic change in the nerv- 
ous systems of both dogs occurred even wilhout contin- 
uously transferring the electrodes to new points, as had 
been the case in Yerofeyeva’s experiments. It must be as- 
sumed that here it was the influence of the aforesaid prelim- 
inary complication of inhibitory activity. But the impor- 
tant and new thing was that the disturbance in the normal 
work of the nervous systems of both dogs was manifested 
in exactly opposite manners: the negative, inhibitory re- 
flexes chronically suffered in one dog, while the positive 
and, only later, successively, the inhibitory reflexes suffered 
in the other dog. 

Here is the detailed course of the experiments. 

The excitable dog reacted to the following conditioned 
stimuli: metronome beats, bell, gurgling and mechanical 
stimulus applied to the skin on the thigh, and negative 
stimuli: hissing together with metronome beats (hissing 
preceded the metronome beats by five seconds) and mechan- 
ical stimulation of the skin on the shoulder, All the condi- 
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tioned stimuli were continued for three minutes before the 
dog was given food. 


Experiment Conducted on March 15, 1923 
(Before Formation of the Conditioned Reflex to Llectuc Cunent) 
ip cate te aS 


; Conditioned stimulus applied Salivation (a drops) 

Time for 3 ininules by the minute 
3:00 P M. Metionouie beats 0 5 [6 
3:25 =” Hissing -|- metronome heals 0 0 0 
3:45” Guigling Q t ld 
3:54” Bell 3.0 «17 
4:00» Mechanical stimulation of the 

skin on the thigh 0 2 12 

4130” Same on the shoulder 00 0 


+ In the excitable dogs, especially during stronger stimulation, 
the beginning of the stimulation almost always evokes a short in- 
vestigating reflex (orienting reaction) and in the delayed reflexes 
an initial rather short disinhibition of the inhibitory phase there- 
fore takes place. 


Formation of a conditioned reflex to electric current be- 
gan at the end of March. It was formed in April. As long 
as the current used was not very strong, all types of inhi- 
bition were more or less retained. In August the current 
was greatly boosted. Now the delay was disturbed for the 
first time and the conditioned inhibition ccased to be 
complete. To relieve the situation all the conditioned slim- 
uli, except the bell, were continued isolated for thirty 
seconds instead of three minutes before [feeding the dog. 
Nevertheless, the inhibitory process increasingly weakened 
despite the fact that application of the current had been 
suspended, The delay disappeared altogether. The hissing 
which preceded the metronome beats in the inhibitory 
combination by 5 seconds had itself acquired a consLant 
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positive effect, i.c., it had become a conditioned stimulus 
of the second order, and even the differentiation to me- 
chanical stimulation was in considerable measure disin- 
hibited. 

Concluding Experiment (November 29, 1928) of This Period 


Time Conditioned stimulus Salivation (in drops) 


co 


3:15 P.M. Gurgling for 30 sec. 


3:26» Mechanical stimulation of the 
: skin on the thigh for 30sec. 8 
3:40 Same on the shoulder for 30 
sec. (differentiation) 3 
4:00 » Metronome beats for 30 sec. 6 
4:12  » Hissing --metronome beats for 
30 sec. (conditioned inhibitor) 10 
4:35» Bell for 3 min. 16 12 13 
4:46” Mechanical stimulation of the 
skin on the thigh for 30 sec. 8 
5.00 » Same on the shoulder for 
30 sec. (diflerentiation) 3 


The calm dog had the same conditioned stimuli as did 
the excitable dog. 


Experiment Conducted on March 21, 1923 
(Before Formation of the Conditioned Reflex to Electric Current) 


, Conditioned stimulus applied Salivation (in drops) 
Time for 3 minutes by the minute 

3:18 P.M, Gurgling 0 2 6 
3:54 8 Bell 0 0 12 
4:13 0» Metronome beats 1 5 15 
4:35 4 Hissing -+- metronome heats 

(conditioned inhtbitor) 1 0 0 
4:42» Bell 0 6 I4 
4:55» Hissing + metronome beats 

(conditioned inhibitor) 00 O 
5:03 Mechanical stimulation of the 

skin on the thigh 03 9 
6:15» Same on the shoulder 00 O 
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Formation of a conditioned reflex to electric current was 
begun at the end of March. This reflex easily and rapidly 
attained the value of seven drops in thirty seconds. During 
subsequent boosting of the current the defensive reaction 
returned, but then disappeared, completely yielding to the 
food reaction. However, during repetition of the elaborated 
reflex to the current the salivary effect of the reflex soon 
began to diminish and the reflexes to other conditioned 
stimuli tested at that time almost disappeared, being mani- 
fested only feebly in the beginning of the experiment. 

The following experiment performed May 30, 1923 dem- 
onstrates this state of affairs. 


Conditioned stimulus applied Salivation (in drops) 


a for 3 minutes by the minute 


3.25 P.M, Bell 00 2 
335 =” Metronome beats 00 5 
3:47» Bell 00 0 
4:03» Mechanical stimulation of the 

skin on the thigh 00 0 
4:20 » Same on the shoulder 00 0 
4:25» Gurgling 00 0 
4:37» Metronome beats 00 0 
4:48 Bell 00 O 


Since the dog began to lose weight and became sluggish, 
all experiments were discontinued for a considerable time 
and the dog was given additional food, including cod liver 
oil. The dog regained its former weight and cheerfulness. 
After the interruption all the usual conditioned reflexes, 
except the reflex to the bell, were re-elaborated from re- 
flexes delayed for three minutes to ones delayed for thirty 
seconds, but this did not essentially alter the result: the 
reflexes were restored only to a negligible extent. Electric 
current applied at this time produced a considerable sali- 
vary effect, but when the current was boosted its effect 
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weakened again and, finally, disappeared altogether, like 
the effect of all the other reflexes. More than that. This 
time all types of internal inhibition also gradually began 
to disappear, i.e., the negative conditioned stimuli, formerly 
zero stimuli, sometimes began to be accompanied by rather 
considerable salivation. 

The following is an experiment performed December 6, 
1923; this experiment shows the positive effect of the con- 
ditioned stimulus only during the inhibitory phase of the 
delayed reflex. 


Time Conditioned stimulus Salivation (in drops) 


0:48 P.M, Mechanical! stimulation of th 


skin on th: thigh for 30 sec. 0 
1:00 Same on‘h sho: Ider!or 30 sec 0 
1:07” Gurgling lor 30 sec. 1 
1:20 Metionoue beats for 30 sec 0 
1:40 Bell tor 3 min, 3 2 0 
1:5 Mechanical stimulation of the 

skin on the thigh for 3) sec () 
2:00 Same on theshoulderfor 3) sec. Q) 
Qtl oo» Metronome beats for 30 sec. 
2:42 =” Hissing ++ metronome beats lor 

3) sec. (conditioned inhibi- 0 

tor) 
2:53 = Metronome beats for 30 sec. 0 


It must be justly assumed that the positive effect of the 
conditioned inhibitory stimuli did nol mean a weakening 
of the inhibitory process, but attested further affection of 
the excitatory process, being the ultraparadoxical phase 
of the state of the formerly normally irritable cells. 

At that time the general condition of the dog was quite 
satisfactory. Thus in two dogs with different types of nerv- 
ous system, under the influence of absolutely the same 
harmful conditions, a chronic deviation from normal nerv- 
ous activity, but in different directions, developed. In one 
of them, the excitable dog, the process of inhibition in the 


164 


cells of the cerebral cortex extraordinarily weakened and 
almost completely disappeared, whereas in the other, calm, 
usually well-inhibited dog the process of excitation in the 
same cells extraordinarily weakened and almost disap- 
peared. In other words, we were dealing with two different 
neuroses. 

The neuroses produced by us proved very stubborn and 
protracted. During the suspension of the experiments they 
displayed no tendency to recovery. Then, for the purpose 
of investigation, we decided to administer to the excitable 
dog the tested therapeutic ageni—bromides, especially, 
since in our early experiments (P. Nikiforovsky and 
V. Deryabin’s experiments) we sometimes observed a fa- 
vourable effect produced by bromides in intensifying inhi- 
bition in cases of its insufficiency. After several months of 
existence of the neuroses, daily administration of 100 cm‘ 
of a two per cent KBr solution per rectum was started. 
All types of internal inhibition rapidly began to be restored 
in a definite sequence: differentiation was the first to be- 
come complete and stable; it was followed by conditioned 
inhibition and, lastly, by the delay. Towards the tenth day 
all the reflexes were quite normal. 


Experiment Conducted on March 5, 1924 


Time Conditioned stimulus Salivation (in drops) 


3:00 P.M. Metronome heats for 30 sec. 5 
3:12 Hissing -+- metronome beats 

(conditioned inhibiter) for 

30 sec, 0 
3:28 8 Gurgling for 30 sec. 8 
3:37.50 Bell for 3 min. 212 16 
3:44» Metronome beats for 30 sec, 8 
3:55 ® Metronome beats (diflerentia- 

tion) for 30 sec, 0 
4:10» Gurgling for 30 sec. 7 
4:16 7 Bell for 3 min. 2 1 °=9 
4:95» Same 0 8 21 


It should be noted that no diminution of the positive 
reflexes was observed during this experiment. The thing 
that particularly attracted our attention was the great con- 
stancy of these reflexes. Thus, according to our experi- 
ments, bromides do not depress nervous excitation, but 
on the contrary, regulate it. 

Bromides were administered only for 11 days. But this 
time the neurosis was radically cured, since the reflexes 
remained quite normal even 2.5 months later. 

The neurosis of the calm dog was not amenable either to 
the influence of bromides or the other measures taken by 
us. The dog was left without experiments for a very long 
time during which it was not under our observation. After 
this interval it proved quite normal, beyond all our expec- 
tations. We shall deal with this dog once more in the fol- 
lowing lecture. 


+ 


PATHOLOGICAL STATES 
OF THE CEREBRAL, HEMISPHERES AS A RESULT 
OF FUNCTIONAL INFLUENCES EXERTED ON THEM? 


In the present lecture I am continuing the description of 
our experiments with and observations of the pathological 
states of the cerebral cortex. In our hands and before our 
eyes this theme is growing increasingly broader and deeper 
not only because we have intentionally concentrated our 
attention on it but also owing to some fortuities. At ihe 
same time we constantly see how the normal is by imper- 
ceptible transitions transformed into the pathological under 
harmful, destructive influences, and how the pathological 
often opens before us, breaking up and simplifying, what 
is hidden from us, blended and complicated in the physio- 
logical norm. In the lecture on normal hypnotic states we 
reported that the particularly interesting states (from the 
point of view of their application to man, as we shall show 
in the last lecture) became a subject of our investigation 
only since they had clearly appeared before us in a patho- 
logical case. You remember that a few positive and negative 
conditioned reflexes, which the dog in that case had, includ- 
ed a positive reflex in response to mechanical] stimulation 
of the skin by twenty-four rhythmic contacts with the skin 
for a period of thirty seconds and a negative reflex to 
twelve contacts during the same period. The positive 
reflexes normally showed a distinct gradation as to the 
salivary effect in accordance with the strength of the con- 
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ditioned stimuli. When a positive mechanical stimulus of 
the skin was applied in one experiment directly after a 
negative mechanical stimulus of the skin without the 
slightest interval between them, i.e, one frequency of 
contacts was replaced with another, a pathological state 
of the cortex resulted. Soon afterwards it was manifested 
in disappearance of all the positive conditioned reflexes 
and then for a period of many days in variously departing 
from the norm, but definitely alternating relations of the 
emerged salivary effect to the strength of the conditioned 
stimuli. This pathological state lasted five and a half 
weeks. This case must apparently be ranked with the ones 
described in the preceding lecture. What was manifested 
in the case of the last dog as a very strong symptom, 
disappearance of all positive conditioned reflexes, the 
symptom that persisted for many months, here terminated 
towards the thirty-sixth day by passing through phases 
approaching the norm. 

At the same time it is clear that the basic mechanism of 
the origin of the pathological state is the same in all the 
heretofore cited cases. It is a difficult encounter, a collision 
of the processes of excitation and inhibition. 

In addition to the afore-described cases of the patholog- 
ical state of the cerebral cortex, we have other cases 
which are of no lesser, if not greater, interest as regards 
some peculiarities of the pathological state, as well as the 
somewhat different mechanism of its origin. 

I shall first dwell on a case particularly carefully ob- 
served day in and day out for several months (Rikman’s 
experiment). Owing to its exceptional interest I shall repro- 
duce it in particular detail and with special documents. In 
this case we are dealing with a dog which was very inhibi- 
table and which formerly served for many experiments 
and observations. This dog had a number of positive con- 
ditioned food reflexes and one negative reflex to 60 metro- 
nome beats per minute, while 120 beats per minute were a 
positive stimulus. The positive conditioned reflexes were 
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distinctly arranged, according to the salivary effect corres- 
ponding to the strength of the external agents used for 
conditioned action. Since the negative conditioned stimulus 
had been repeated 266 times by the beginning of the pres- 
ent experiment, it was quite precise, constant and suffi- 
ciently concentrated, i.e., its successive inhibilory effect on 
the positive reflexes was limited to a short time. 

Here is an example of a normal experiment performed 
December 1, 1925. 


Conditioned slimu- |Salivation (in Notet Fenelon and 


Time lus apphed for diops) in : : 

20 Hansa 8 20 avons general behaviow 
10:37 A.M. | Metronome 120 8 Lively food reaction 
1045» Flashing of bulb 4 ” n 
1049 » Loud tone 6 ” ” 
10:56 » Metronome 60 0 Remains motionless 
11:00 =» Bell 9 Lively food 1eaction 
11:05 » Mild tone 3.5 y 7 


Since the dogs of this type are, as it were, specialists in 
inhibition, and all types of internal inhibition are easily 
produced in them and persist, it was decided to perform a 
special test of the stability of the inhibitory process on 
this dog. For this purpose its negative stimulus had to be 
changed into a positive stimulus. To do this we used the 
method which usually quickly brings results, i.e., a contin- 
uous, uninterrupted application of a positive stimulus, a 
combination of a negative stimulus with an unconditioned 
stimulus. May I, please, ask you to recall what I said about 
this in the lecture on negative induction. Despite this, the 
inhibitory process was eliminated slowly. Although the old 
negative stimulus was accompanicd by feeding for three 
days, from four to seven times each day, the first hint of 
élimination of the inhibitory process was detected only 
during the seventeenth repetition of this procedure and 
only in the form of a slight secretion, but without the 
motor food reaction. By the twenty-seventh repetition the 
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salivary reaction to “Metronome 60” reached a consider- 
able value. At that time no marked disturbance of the 
other positive reflexes could be observed, although the 
strong and weak conditioned stimuli may have drawn 
closer to each other as to their salivary effect. 

The following is an experiment performed at that time 
(December 14, 1925). 


Conditioned stimu- |Salivation (in Mot i 
Time lus applied for drops) in plor reaction: ang 
20 conde 20 oes general behaviour 

10:56 A.M. | Metronome 60 5.5 Orienting rather than 
food reaction 

11:03” Flashing of bulb 5 

Il:lo Metronome [20 5 

11:17” Bell 8 Food reaction 

11:24” Mild tone 5 

1:31 8 Metronome 120 5.5 

11:38 =” Bell 7 


But the value of the salivary effect of “Metronome 60” 
just attained did not remain constant. Despite the fact that 
it was accompanied by feeding it immediately began to 
diminish and by the thirtieth repetition equalled zero. At 
the same time, immediately after application of ‘“Metro- 
nome 60’, almost all the other reflexes also equalled zero. 

The following experiment performed December 18, 1925 
illustrates it. 


Conditioned stimu- |Salivation (in 
Time lus applied for |drops) in 20 Ce ees 
20 seconds seconds Gener 
0:04 A.M. Flashing of bulb 4.5 Food reaction, eats 
greedily 
0:09 Metronome 60 1 Orienting reaction 
O14 9% Loud tone 0 Turned away but took 
the food 
0:23 =» Bell 0 Turned away, did not 
take the food 
0:30 =» Flashing of bulb 0 Did not at once take 
the food 
0:38 =” Mild tone 0 Food reaction, did nol 
eat at once 
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Outwardly the dog looked quite healthy and outside the 
stand ate the food as greedily as it did in the stand in this 
experiment during application of the first conditioned 
stimulus, before application of ‘Metronome 60”’. 

Subsequently, although the positive effect of “Metro- 
nome 60” was somewhat restored, its strong delaying 
action on the other conditioned reflexes continued. How- 
ever, as soon as the experiment was performed without the 
metronome, these reflexes proved quite normal and perhaps 
only the weak stimuli diminished somewhat more than 
usual towards the end of the experiment. 

Here is an experiment, performed December 24, 1925, 


that proves it. 


P . Salivation | Motor reac- 
Conditioned stimulus (in drops) | tion and gener- 


Time ‘ : 
applied for 20 seconds [in 90 seconds| al behaviour 


11.02 A.M. | Bell 9 
11.10 » Flashing of bulb 5.5 
115» Loud tone 7 . 

11:20 » mild tone ; , Lively food 
. ” Be A " 
11:32 » | Flashing of bulb 3 reaction 

11:39 » Loud tone 6 
11:44 » | Mild tone 3.5) 


Iam intentionally citing several experiments with normal 
reflexes to show how long and persistently the norm is 
preserved despite the recurring disturbing action of the 
metronome reflexes. The same situation remains. During 
the experiment in which they are used both metronome 
rhythms with the constant variations of their positive 
effect from 0.5 to 7.5 invariably disturb all the following 
conditioned stimuli, in that they completely inhibit them, 
and produce various transitional phases to inhibition. It is 
interesting that in this case “Metronome 120” often causes 
a deeper disturbance than does “Metronome 60”, 
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The following are several examples from this period. 


Time 


10:56 
11:07 
11:18 
11:20 
11:28 
11:33 
11:40 
11:47 


eet ee ee ee 
wee SoH 
MNeOMSE 


230 
1:35 


10:44 
10:49 
10:57 
11:02 
11:07 
1i:l4 
11:21 
11:26 
11:31 
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A.M, 


Experiment Conducted on December 28, 1925 
(Equalisation phase) 


Condilioned slim-| Salivalion 


ulus applied for | (in drops) Motor reaction and gen- 


20 seconds in 20 seconds eral behaviour 
Gell 10 Food reaction 
Flashing of bulb 6 ” ” 
Metronome 60 2 ” ig 
Mild tone 5 ” * 
Metronome 120 4.5 Feeble food reaction 
Loud tone 5 Food reaction 
Bell 4.5 » x 
Flashing of bulb 5.5 : » 


Experiment Conducted on January 5, 1926 
(Narcotic phase) 


Metronome 60 6 Retarded food reaction 

Flashing of bulb 3.5 Food reaclion 

Loud tone 6 

Metronome 120 3 

Mild tone 0 Feeble food reaction 

Bell 4.5 Food reaction 

Flashing of bulb 0 Turns mua does not take 
ood 

Bell 6 Distinct food reaction, 


does not cat at once 


Experiment Conducted on January 20, 1926 
(Paradoxical phase) 


Loud tone 8 Food reaction 
Flashing of bulb 3 ” ” 
Metronome 60 0.5 Orienting reaction 
Mild tone 5 Lively food reaction 
Bell 4.5 Feeble food reaction 
Mild tone 5 Lively food reaction 
Bell 2.5 Feeble food reaction 
Flashing of bulb 3.5 Lively food reaction 
Loud tone 1 Food reaction 


Experiment Conducted on January 21, 1926 
(Complete inhibition) 


11:09 A.M. | Loud tone 6 Food reaction 
lilt» Flashing of bulb 4.5 ” » 
11:22 » | Metronome 120 3.5 | » » | 
He ae tone : : }  Motionless 
ll: 9 ” e@ ” ” ie 
11:39, | Mild tone 0 : » | during is 
Hit7 Bell 0 ” ” tervals 
11.52” Flashing of bulb 0 Feeble food reac- 
lion 

{1:57 Loud tone 0 » ” 

Experiment Conducted on January 26, 1926 

(Without metronome stimuJation) 

1:8 AM Flashing of bulb | 6 Lively Food reaction 
11:28» Loud tone 6.5 
11:33 0» Bl 7.5 
1400 Mild tone 4.5 
11:48 Kell 6 
11:53» Flashing of bulb | 2 Teeble 
0:02 P.M, | Loud tone 3. 


Since the last experiment showed that in the experi- 
ments without metronome stimulation the reflexes began 
to diminish towards the end of the experiments, although 
the conditioned stimuli retained their normal interrelations, 
we used coinciding stimuli for several days and no metro- 
nome stimulation at all. After that, isolated conditioned 
stimulation (i.e, until the addition of the unconditioned 
stimulus) continued in all reflexes only for 15 seconds, and 
not 20 as before. Besides, during that period we added a 
new conditioned stimulus—gurgling (a sound produced by 
air bubbles passing through water) belonging to the group 
of strong stimuli. The reflexes became stronger and did not 
weaken to the end of the experiment. Then, after an eleven- 
day interval, metronome stimulation, and precisely with 
120 beats per minute, was reintroduced into the experiment. 
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Here is this experiment performed March 2, 1926. 


ee 


se , Salivation 
Time nd eee (in di ops) Motor reaction and 
15 Second In nae general behaviour 
10 44 A.M. | Gurgling oe Food reaction 
10:54» Mild tone ‘ » Oo” 
11:02 » Metronome 120 6 At ea et then 
ood reaction 
11:07) * Flashing of bulb 4.5 Food reaction 
11:15 Bell : 1.5 
: ” e 4 2 » ” 
11:23» Gurgling 3.5 ” ” 
11:31» Mild tone 5.5 Lively food reaction 
11:33 7” Bell 4.5 Food reaction 


We see that introduction of “Metronome 120” (please, 
remember that this was an old positive stimulus) into the 
experiment immediately entailed disturbance of all the 
other conditioned reflexes again. The equalisation phase 
immediately emerged and passed into the paradoxical, But 
this is not all. The next day, and for a long time afterwards, 
the cortical cells were reduced to such a state that they 
could not endure strong stimulation without passing into 
a completely inhibited state. In experiments with patholog- 
ical nervous states we very often observed that a deeper 
disturbance of nervous activity did not occur at once, but 
a day and more after the harmful influence. 

Here is the experiment performed the next day (March 
3, 1926). 


oie F Salivation 
Time rote ane Peis (in drops) | Motor reaction and 
15 seconds in 15 sec- general behaviour 
onds 
3:4] P.M. | Bell 5 Feeble food 1eaction 
3:46» Flashing of bulb 0.5 Delayed food reaction 
3:55 Loud tone 0 Does not take foad 
4:02» Mild tone 0.5 Food reaction, took food 
4:07.» Bell 0 Does not take food 


4:10» Food given without Takes food at once 
conditioned stimuli 
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The dog looked generally healthy. 

This state of affairs persisted for eleven days. Then we 
adopted the following measure. We gave up the loud tone 
altogether and considerably dampened the bell and the 


gurgling. 


Here is such an experiment performed March 15, 1926. 


Time 


10:20 A.M. | Flashing of bulb 


10:27. » Mild tone 

10,32 » Soft gurgling 
10:40 » Soft bell 
10.48» Mild ione 
10:56» Soft gurgling 
11:04» Soft bell 

{1.12 » Flashing of bulb 


Conditioned stimulus 
applied for 15 seconds | jp 15 seconds} general behaviour 


Salivation 


(in drops) Motor reaction and 


A 


ST op oH O71 o> 
ie. Restenen! oC 
te 


Food reaction 


The experiments were continued in exactly the same 
manner for nine days. Strong stimuli were used again and 


here is the result. 


Experiment Conducted on March 27, 1926 


Conditioned stimu- Salivalion Motot reaction 
Time lus applied for (in drops) and general 
15 seconds in 15 seconds behaviour 
4.02 P.M Loud bell 4 Food reaction 
4:09 » Flashing of bulb 0.5 # ” 
4:16» Loud gui gling 0 Turns away, does 
not take food 
4:23 0» Mild tone 0 Takes food slug- 
gishly 
430 » Bell 0 Is uneasy, takes 
food sluggishly 
4.37 Flashing of bulb 1.5 Did not take food 
at once 
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Outside the laboratory the dog behaved perfectly nor- 
mally and ate the food greedily. Two days later only weak 
stimuli were used and all the reflexes were on hand. 


Conditioned stimu- Salivation Motor reaction 
Time lus apphed for (in drops) and g¢ neral 
15 seconds in 15 seconds behaviour 
3:57 P.M. Mild tone 6.5 
4:05 » Soft gurgling 6 
4:10 Flashing of bulb 4.5 
419 » Soft bell 6 Food reaction 
4:26 Solt gurgling 6.5 
4:3) 4 Flashing of bulb 3 
4:40” Soft bell 5 


The outstanding pithiness and importance of these 
experiments must justify the, perhaps excessive, recording 
of the protocol material. 

In a word, what do we have in this material? Trans- 
formation of one inhibitory point into an excitable point in 
the sound analyser proceeded slowly and imperfectly, and, 
what is most important, made this point abnormal so that 
action on this point with a corresponding stimulus im- 
mediately reduces the entire cortex to a pathological state 
which is manifested in that it cannot be stimulated by 
strong stimuli without passing into various phases of the 
inhibitory state, to the point of total inhibition. At first, 
this state of the cortex returns to normal quite soon after 
stimulation of the abnormal point is discontinued and, 
finally, if repeated, becomes stationary. Since the other 
acoustic stimuli themselves act quite normally, it must be 
assumed that in the given case there is a partial, narrowly 
localised disturbance of the sound analyser, its, so to 
speak, chronic functional ulcer, contact with which by an 
adequate stimulus harmfully affects the entire cortex and, 
in the long run, produces a protracted pathological state 
in it. 
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In this fact it is impossible not to see vivid, tangible 
proof of the mosaic structure of the cortex which we 
discussed before. 

The afore-described final disturbance of the activity of 
the entire cortex can be conceived as produced by two 
mechanisms, Either the stimulus by evoking the excitatory 
process at the abnormal point thereby deepens the inhibi- 
tory process at it and for some time makes it stationary 
there, and the inhibition, irradiating, draws the other 
cortical cells into the same state, or the stimulus acts as a 
destructive agent on this point and then this point, like 
any point of the body undergoing destruction, involves 
inhibition of the other parts of the hemispheres by virtue 
of the mechanism of external inhibition. The formation of 
the abnormal point is, apparently, a result of the clash of 
the processes of excitation and inhibition. 

Today, in addition to the cases cited in this and the last 
lectures, we have many more cases in which during the 
difficult encounter of the antagonistic nervous processes a 
rather protracted deviation from the normal activity of the 
cortex, frequently unamenable to any of our measures, 
occurred now in the direction of predominance of the 
excitatory and now of the inhibitory process. This also 
occurred either during elaboration of difficult differentia- 
tions, especially during differentiations of consecutive 
complex stimuli (A. Ivanov-Smolensky, M. Yurman and 
A. Zimkina’s experiments), or now during direct and now 
during rapid replacement of the inhibitory stimulus with a 
positive stimulus in the skin analyser, especially, during 
replacement of one frequency of mechanical stimulations 
of the skin by another at the same site (when they were 

: ee i 
made stimulators of antagonistic processes). In the last 
case with a very excitable and even aggressive type 
(L. Fyodorov’s experiment) the excitement of the dog 
reached a state in which it was no longer possible to work 
with it. And only constant administration of calcium bro- 
mide and exclusion of even the positive mechanical stimu- 
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lus of the skin from the experiment brought the dog back 
to the normal condition as regards the other conditioned 
stimuli. In the dog of a more inhibited type (Petrova’s 
experiment), it could be assumed that a narrowly locilised 
abnormal point was similarly formed in the skin analyser, 
as in the afore-cited cxperimenis Geikman’s), and the posi- 
tive stimulation of this point evoked each time, in the 
current experiment and sometimes even in the experiments 
on the days immediately following, diffuse inhibition of the 
entire cortex. Reyretiably, further analysis of this cuse 
Was interrupted by the dog’s serious illness (nephritis). 

In the field of pathological states of the cortex under 
consideration I still have to describe several cases with a 
different mechanism producing these states. In these cases 
the pathological merges wilh the norm: particularly iniper- 
ceptibly or, rather, it is in them a constant properly of a 
weak inborn nervous system. But before discussing them 
it would do well, at least bricfly, to dwell for the sake of 
clarity on the question of external stimuli which acl as 
direct inhibitors on the cells of the cerebral cortex, There 
are three types of stimuli: weak, monotonously recurring, 
very strong and, lastly, unusual stimuli gencrally represent- 
ed either by new phenomena or a new connection, new 
sequence of old phenomena. 

Our life and the life of animals is so full of cases of such 
action of these stimuli that there is no need giving 
examples of them here. ‘The biological significance of this 
fact is more or less clear. If stimuli of considerable strength 
and, what is more important, constantly changing stimuli 
condition and must condition the active state of the cortex 
to maintain a fine balance of the organism with the envi- 
ronment, it ig natural that weak and monotonous stimuli 
which do not require any activity from the organism must 
dispose to inhibition and rest, to give the cortical cells 
time for recovery after work. The inhibitory action of 
strong stimuli is, apparently, a special passive-defensive 
reflex, as, for example, in so-called animal hypnosis (prop- 
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erly speaking, real hypnosis), since, on the one hand, the 
animal's immobility makes it less noticeable to the enemy 
and, on the other hand, eliminates or moderates the aggres- 
sive reaction of a strong rival. Lastly, a generally unusual 
situation must limit the tormer energy of the animal’s 
movements, because with the new state of affairs the for- 
mer mode of action, as perhaps unsuitable in the given 
situation, may result in some harm to the animal. Thus, 
with a new, even negligible, variation in the environment 
two reflexes usually take place: a positive investigating 
reflex and an inhibitory reflex, a reflex of, so ta speak, 
restraint and caution. The following interesting question 
remains: are these two reflexes independent or is the 
second reflex the effect of the first one by virtue of the 
mechanism of external inhibition? At first sight an affirma- 
tive answer to the latter part of the question seems the 
more probable. The physiological mechanism of the inhibi- 
tory action of all three types of stimuli will be the subject 
of discussion in one of the last lectures. 

An unusual natural calamity, namely, a very big flood 
which occurred in Leningrad September 23, 1924 pave us 
an opportunity to observe and study a chronic pathological 
state of the nervous system of our dogs conditioned by this 
event as by an extraordinarily strong external stimulus. 
The building for animals which stood on the ground a 
quarter of a kilometre away from the laboratory building 
began to be flooded. In the dreadful storm with large 
incoming waves Striking against the buildings, the roar and 
rumble of broken and falling trees, we had to move our 
animals hastily by swimnuiing in groups to the second floor 
of the laboratory and leave them there in unusual company. 
All this, apparently; extraordinarily inhibited all animals 
without exception, because during that time we did not 
observe any of the usual fighting among them. After this 
event some of the dogs, returned to their former place, 
remained the same as they had been before; others, espe- 
cially those of the inhibited type, developed nervous dis- 
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eases (and for a very long time at that) of which we 
convinced ourselves in our experiments with their con- 
ditioned reflexes. These are the experiments I shall now 
discuss. 

The first dog (Speransky’s experiments), already men- 
tioned before, was a strong and healthy, but very inhibita- 
ble animal. All the conditioned reflexes of this dog were 
substantial, particularly constant and precise, but only on 
condition that the experimental situation remained strictly 
customary. I shall remind you that it had ten (food) reflexes 
of which six were positive and four—negative (differentia- 
tions); of the positive reflexes three were acoustic and 
three—optic; of the acoustic reflexes the strongest one— 
bell—evoked the greatest salivation; the optic reflexes 
were equal to each other in this effect and, lastly, the posi- 
tive acoustic reflexes exceeded the optic ones in salivation 
by one-third and more. One week after the flood the dog 
placed in the stand was unusually fidgety, scarcely had any 
conditioned reflexes and, while generally very greedy, took 
no food and even turned away from it. It was thus for 
three days. The dog was left without food for another three 
days, but this did not alter the results. After eliminating 
other causes and on the basis of our observations of the 
dog we concluded that it was the continuing effect of the 
flood and took the following measure. The experimenter 
who usually conducted the experiment outside the room in 
which the dog was alone, now stayed with the dog in the 
room, while I conducted the experiment from the outside. 
The reflexes immediately appeared and the dog greedily 
ate the food it was given. But no sooner did the experi- 
menter leave the dog alone than the same thing recurred. To 
restore the reliexes it Was necessary systematically now to 
stay in the room and now to leave it for some time. On the 
eleventh day of the experiment we applied for the first 
time the stimulus that had until then remained unused, ie., 
the bell, the most efficient, as to the conditioned effect, and 
at the same time the strongest physically. After this all the 
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other reflexes immediately diminished and the dog ceased 
to take the food; at the same time, it became greatly 
excited, looked about uneasily and especially persistently 
looked from the stand at the floor. Application of a social 
stimulus, i.e., the presence of the experimenter near the 
dog, gradually restored the reflexes, but the bell, repeated 
five days later, evoked the same reaction. Then we began 
to use the bell only when the experimenter was in the 
room with the dog. The normal relations were slowly 
restored. The equalisation phase was frequently observed 
in the reflexes, during the bell the dog sometimes stopped 
eating and after the bell the other reflexes frequently 
diminished. Finally, on the forty-seventh day of the experi- 
ments, almost two months after the flood, the experiment 
turned out quite normal. During this experiment we 
employed the following procedure. We let a quiet stream 
of water trickle from under the door into the dog’s room, 
the water forming a smal) puddle near the table on which 
the dog was standing in the stand. 

Here is this experiment (November 17, 1924) conducted 
normally without the experimenter in the dog’s room. 


Salivation 
(in drops) Notes 
in 80 seconds 


Conditioned stimulus 


Time applied for 30 seconds 


J0:15 A.M, } Metronovre 120 15.5 ) 
j0-24 Strong lighting of the room 9 
10:36 » Bell 17 
10:45» Appearance of a circle 

before the dog 9 
19:59 8 Whistle 15 Eats greedily 
lish» Metronome 80 (differen- 

tiation) 0 
11:20» Metronome 120 12:5 
“11:30” Square before the dg 

(differentiation) 0 
1:4)» Circle before the dog 9 
i50 » | Bell 17 } 


18! 


Then, at 11:59 A.M., we let water trickle into the 
dog’s room. 


0-02 P.M. Strong lighting ofthe room 0 | The dog quickly 
0:07.» Metronome 120 0 jumped to its feet, 
O15 7 Whistle 0 unvasily looked at 
025» Bell 0 the floor, tossed in 
032 =» Circle before the dog 0 the stand. 


Developed dyspnoea, 
The stimuli only in- 
tensified this reac- 
tion {fhe dog did 
not touch the Tood, 


Many months later, when the reflexes were on hand and 
the bell had been intentionally unused for a long time, its 
application at first produced the usual effect exceeding all 
the other reflexes. But repeated for a few days and only 
once a day the bell gradually lost its effect, dropped to 
zero and greatly reduced all the other reflexes. It is in- 
teresting that at that time not only the experimenter him- 
self but also his clothes placed near the dog and unseen by 
it, consequently their odour, acted on the reflexes restora- 
tively. 

Thus, under the influence of an extraordinary stimulus, 
the cortical cells, even formerly greatly inclined toward in- 
hibition, became chronically still more inhibitable. The 
stimuli which had long since become indifferent (situation 
of the experiment), as well as the strong agents, which had 
formerly already been strong, positively acting conditioned 
stimuli (the bell), now sharply inhibited these weakened 
cells. The negligible energy components of that extraordi- 
nary stimulus (flood) were enough to evoke the original 
reaction. 

The second dog (Rikman’s experiments) was the one the 
experiments with which were described at length in the 
beginning of this lecture. The state of the dog now de- 
scribed belongs to an earl’er period. The effect of the flood 
on this dog was manifested in a somewhat different 
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pathological form but with the same basic mechanism, i.e, 


in the form of extraordinary inhibition. 


Here is the experiment performed on the eve of the 
flood, September 22, 1924. 


Time 


Conditioned stimulus applicd 


for 30 seconds 


073 PM, 


0:58 


108 
143 
1:93 


” 


Metronome 120 
Mechanical stimulation 
skin 


of the 


Metronome 60 (differentiation) 


Flashing of bulb 
Loud tone 


Sativation (in drops} 
in JO seconds 


On the third day after the flood, September 26, 1924, the 
experiment proceeded as follows: 


Time 


Conditioned stimulus applied 


ior 30 seconds 


Salivation (in drops) 
in 30 seconds 


coos 19 
oon 


ed 
ne 


Metronone 120 


Mechanical stimulation of the 


skin 
Meétronoae 60 
Metiono ne 120 
Mechanical stimulation 
skin 
Metronoine 120 


of 


the 


The dog took the food, but the positive reflexes were 
greatly weakened and the negative stimulus produced the 
most positive effect (ultraparadoxical phase), 

Then the following situation persisted for a long time. 
As long as the negative stimulus (metronome 60) was not 
used, the positive stimuli were satisfactory and often at- 
tained normal value. But even a single application of this 
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stimulus reduced all conditioned reflexes to zero or greatly 
diminished them for the remainder of the experiment and 
for many days to come. Here are two examples. 


Experiment Conducted on October 6, 1924 


: Conditioned stimulus applied {Salivation (in drops) 
Time for 30 seconds in 30 seconds 


003 PM, Metronome 120 5 
010 » Loud tone 5 
020 Mechanical stimulation of the skin 2 
025 » Loud tone 4 
0.33» Metionome 60 0 
036 » Metronome 120 0 
043» Mechanical stimulation of the skin 0 
Experiment Conducted on October 20, 1924 
11:41 A.M. Mild tone 6 
146» Metronome 120 7.5 
1:51. » “| Metronome 60 0 
11:56 » Loud tone 0 
0:01 PM. Bel 3 
0.06 ” Flashing of bulb 0 
Ol o# Metronome 120 1.5 


All the transitional phases between total inhibition and 
the norm were observed during the period of restoration 
of the reflexes when the negative stimulus was excluded. 
At first the restoration was facilitated by our most effec- 
tive methods—suspension of the experiments for a few 
days and shortening of the isolated action of the conditioned 
stimuli; but, at last, these also proved inadequate. Only 
one or two reflexes in the beginning of the experiment had 
a slight effect, while all the others were reduced to zero. 
The dog grew motionless and stubbornly refused the food. 
We had to resort to the last measure. The experiment was 
performed not in the stand but on the floor with the dog 
released, whereby a certain inhibitory effect produced by 
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the stand was partly eliminated for such dogs and several 
stimulatory impulses coming from the motor apparatus 
were partly added to the hemispheres. This helped. The 
reflexes began to return and grow. Now the dog took the 
food. At last the norm was attained. The negative stimulus 
applied again now resulted in disappearance of all reflexes 
till the end of the experiment only for the first seven days, 
but did not extend its inhibitory effect to the following 
days. Then, for a period of two weeks. this influence was 
also gradually eliminated. After that we began cautiously 
to practise inhibition. The differentiating inhibition was 
repeated in the same experiment, was concentrated soon 
afterwards by application of a positive stimulus and was 
finally refined. Only after two months of experiments on 
the floor, eight months after the flood, was it possible to 
return to the experiments under the usual conditions in 
the stand. 

Thus, the flood had conditioned such inhibitability of the 
cortical cells that the insignificant inhibition added by us 
in the form of a negative stimulus for a long time rendered 
the existence of the positive conditioned reflexes in our 
usual experimental situation impossible. 

According to our experiments and observations, a chron- 
ic pathological state of the cerebral hemispheres may be 
produced by two factors: difficult ericounter, clash of the 
processes of stimulation and inhibition, and strong extra- 
ordinary stimuli. 

But I must also report about another dog (A. Vishnev- 
sky’s experiments) of which I cannot, as a matter of regret, 
definitely say whether its present state is inborn, has been 
effected by the general conditions of life, age, parturition, 
etc., or is also, as in the two preceding cases, a special 
result of the influence of the flood. This dog was described 
in the last lecture as an extreme representative of the 
extreme inhibitory type. It had long been unobserved be- 
fore the flood and became the subject of investigation only 
‘three or four months after the flood. I have already men- 
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tioned that many even very valuable experiments with 
conditioned reflexes had been performed on this dog long 
before the flood. Now, despite all the measures we have 
taken, this dog is unfit for the experiments with our usual 
themes. We can only analyse its state. Whether the flood 
or something else have produced this state is still a ques- 
tion. The pericd of the dog’s normal life, which is also 
typical of other dogs, at least under laboratory conditions, 
has been greatly reduced. In the laboratory it almost 
always either displays the passive-defensive reflex, i.e, 
responds with an orienting reaction to ihe most negligible 
variations in the environment and immediately inhibits all 
its movements, to the point of refusing food, or, as an 
exception to its type, sleeps. Only two precedures return 
it to the state customary for the other dogs. It is a very 
rapid transition one or two seconds after the beginning of 
the conditioned stimulus to feeding or performance of the 
experiment on the floor on the condition that the experi- 
menter walks about the room, the dog following in his 
footsteps, and also provided the conditioned stimulus is 
soon followed by feeding. Both circumstances alter the 
state of the dog in that the dog ceases to react to the 
slight variations in the environment, as it did before, and 
can eat the food it is given, ceasing to eat only in response 
to considerable external stimuli. Now conditioned reflexes 
also begin to appear. But no sooner is the food delayed 
even 5-10 seconds from the beginning of the conditioned 
stimulus than the dog becomes sleepy and may even fall 
asleep over the feeding box during the feeding. We consid- 
er this absolutely exceptional state of the nervous system, 
apparently of the cortical cells, to be a state of extreme 
exhaustion of the cells, as the highest manifestation af 
their so-called excitatory weakness. IT am adding the word 
“apparently” because only the cerebral hemispheres are 
capable of this fine reactivity of the nervous system, partic- 
ularly of all its analysers. We are now studying this case 
in great detail. 


APPLICATION TO MAN OF EXPERIMENTAL DATA 
OBTAINED ON ANIMALS38 


If the information obtained on the higher animals, regard- 
ing the functions of the heart, stomach and other organs 
which are so similar to human organs, can be applied to 
man only with caution, with a constant check-up on the 
actual similarity in the activity of these organs in man and 
animals, think of the great restraint we must exercise in 
transferring the precise natural-science information of 
higher nervous activity of animals, now being obtained for 
the first time, to the higher activity of man. Indeed, it is 
precisely this activity that so amazingly sharply distin- 
guishes man from the animals, places man so immeasurably 
high above the whole animal world. It would be extremely 
light-minded to regard the first steps in the physiology of 
the cerebral hemispheres, complete only in programme and, 
of course, not in content, as some solution of the great 
problem of the higher mechanism of human nature. Any 
narrow restriction of our work on this subject at the pres- 
ent moment would therefore only denote extraordinary 
narrow-mindedness. But, on the other hand, temporarily, 
of course, the extraordinarily simplified treatment of the 
subject on the part of natural science must not be received 
with hostility, which, regrettably, is also not infrequently 
the case. Science grasps the complex only in parts and in 
fragments, but it gradually embraces it more and more. 
Hence, let us hope and patiently anticipate that the exact 
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and complete knowledge of our higher organ—the brain— 
will become our real property and at the same time the 
main basis of lasting human happiness. 

After all that has been cited in the preceding lectures it 
can hardly be contested that the most general bases of 
higher nervous activity relating to the cerebral hemispheres 
are the same in the higher animals and man and that 
the elementary phenomena of this activity must therefore 
be the same in normal, as well as in pathological cases. I 
shall cite but a few normal cases, since they are obvious, 
and shall now occupy your attention mainly with patholog- 
ical cases. 

Our education, training and all forms of disciplining, as 
well as our various habits, are apparently long series of 
conditioned reflexes. Is there anyone who does not know 
how the established, acquired connections of certain condi- 
tions, i.e., definite stimulations, with our actions are persist- 
ently reproduced by themselves often even despite the 
intentional counteraction on our part? This equally applies 
to the performance of particular actions and their elaborat- 
ed inhibition, i.e., both positive and negative reflexes, Fur- 
thermore, we all know how difficult it is sometimes to 
develop the necessary inhibition in individual suverfluous 
movements in games, in manipulations in the various arts, 
and in actions. Practice has similarly long since taught us 
that difficult tasks are accomplished only when approached 
gradually and cautiously. Everybody knows how extra stim- 
ulations inhibit and disturb the well-arranged customary 
activity and how a change in the once established order of 
movements, actions and the entire mode of life upsets us 
and makes things difficult for us. It is also generally known 
that weak and monotonous stimuli make people sluggish 
and sleepy and even put some people to sleep. We are all 
likewise familiar with different cases of partia] waking 
during usual sleep, for example, the case of a sleeping 
mother at the bedside of a sick child, etc. All these are 
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facts which we encountered in these lectures on our ani- 
mals before. 

Now I shall treat of pathological cases. 

Modern medicine distinguishes nervous and mental dis- 
eases, neuroses and psychoses. But these distinctions are, 
of course, entirely conventional. Nobody could draw a 
clear line between them because there is really no 
such line. How could we conceive of a mental disor- 
der without disturbance of the brain tissue, if not 
structurally, then functionally? The difference between a 
nervous and mental disease is a difference either in com- 
plexity or fineness of the disturbance of nervous activity. 
The experiments on our animals also incline us to this 
idea. As long as we deal with animals in which our differ- 
ent functional procedures or extraordinary conditions of 
life (please, remember the case of the flood) or, lastly, 
minor operations on the hemispheres disturb their nervous 
activity, we can understand more or less satisfactorily the 
mechanism of these disturbances in terms of neural physi- 
ology. But as soon as we have destroyed large sections of 
the hemispheres or this is done by growing cicatricial 
tissue we find it always difficult to conceive fully and 
clearly the mechanism of the developing disorders in nerv- 
ous activity and we resort to assumptions which require 
proof of their correspondence with reality. The difference 
in our position regarding the subject in either case is appar- 
ently based on the greater complexity of the disturbances 
in the latter case and the inadequacy of the present-day 
physiological analysis for them. Observing both groups of 
animals many physicians and psychologists would mast 
probably say that the animals in the first group were 
afiected nervously and those of the second group mentally. 
We, on the other hand, refusing to pry into the imaginary 
inner world of our dogs, would say that we have before us 
deranged activity of the cerebral hemispheres, lesser and 
simpler derangement in the former case, and greater and 
more complex in the latter case. 
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Now let us compare the different nervous disorders in 
our animals and in man. 

On dogs we have acquainted ourselves with two condi- 
tions which functionally produce nervous disorders. These 
are: a difficult encounter, a clash between the excitatory 
and inhibitory processes, and strong, extraordinary stimu- 
lations. They are also the usual causes of nervous and men- 
tal diseases in man. Life situations which arouse us to the 
greatest extent, for example, in cases of cruel insults or 
great misfortune, and which at the same time obligate us 
to restrain and suppress our natural reactions to them, fre- 
quently lead to a deep and long disturbance of the nervous 
and mental balance. On the other hand, people likewise fre- 
quently Lecome nervously and mentally ill by being exposed 
to extraordinary dangers which threaten them as well as 
their near and dear ones, or by merely witnessing terrible 
events which do not directly concern either them or their 
dear ones. In such cases, it is, aS a rule, noted that the 
same circumstances fail to produce the snme effect on 
other people who, as we say, are not disposed to the dis- 
ease, i.e., they have a stronger nervous system. Exactly the 
same thing was observed in our dogs. As regards such 
diseases, individual animals differ very greatly. We had 
dogs in which one of the most effective methods of disturb- 
ing nervous equilibrium, namely, direct replacement of the 
inhibitory rhythm of mechanical stimulation of the skin at 
the same site with a positive stimulation repeated daily for 
a long period of time did not in any way harmfully affect 
the animal. In other animals the nervous disorder appeared 
only after numerous repetitions. In still others, the nervous 
state emerged after the very first application of the meth- 
od, Similarly, as was mentioned before, the extraordina- 
ry flood provoked the disease, apparently analogous to 
traumatic shock in people, only in a few dogs, particularly 
the very inhibitable ones. 

Furthermore, this method, as was reported before, con- 
ditions different forms of the disease, according to the 
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different types of nervous system, either towards predom- 
inance of the process of excitation, as in the dogs with 
a stronger nervous system, or towards predominance of 
the process of inhibition, as in dogs with a weaker nervous 
system. As far as we can judge, mainly on the basis of our 
ordinary observations, it scems to me that these lwo varia- 
tions of the disturbance of nervous activity in animals cor- 
respond to the two neurotic forms in man, namely, neuras- 
thenia and hysteria, if we characterise the former by a 
predominance of the excitatory process and weakness of 
the inhibitory process, and the latter, on the contrary, by 
a predominance of the inhibitory and weakness of the 
excitatory process, There are practical reasons to regard 
neurasthenics, at least some of them, as strong people 
even capable of very hard work, whereas hysteriacs are, 
of course, absolutely unviable subjects, total invalids. The 
fact that neurastheniacs at the same time have periods of 
impotence, temporary unfitness, is understandable as long 
as they are so protractedly excitable and productive at 
other times: nervous dissipation must be compensated. We 
may say that they represent another periodicity in the 
alternation of work and rest, longer than the usual, and 
therefore, compared with ordinary balanced people, their 
periods of excitation and inhibition are so exaggerated. The 
fact that hysteriacs, on the other hand, have attacks of 
excitement, does not, of course, in any way denote any 
strength of their nervous system. This excitement is pur- 
poseless, futile and, so to speak, coarscly mechanical. Our 
observations of the dogs contain, it seems to me, some 
indications of the origin and character of this excitement. 
We had a dog (described by Frolov) of a very inhibitable 
type, in common parlance, an extremely cowardly and 
obedient animal. This dog served for experiments with 
gastric secretion and had to remain in the stand for many 
hours. In this case, we observed that the dog never slept 
but stood in an alert posture, surprisingly calm, barely 
moving, and but rarely cautiously shifting from one leg to 
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another. This was not torpor, however. The dog reacted 
when called by name. But when it was taken off the stand 
and released from the straps, it became absolutely incred- 
ibly excited: it squealed and strove to, get free with such 
force as to almost overturn the stand. This excitement 
could not be repressed by any means, either loud shouting 
or whipping; the dog became entirely unrecognisable. A 
few minutes of walking in the yard and the dog became 
itself again: it went to the experimental room by itself, 
jumped into the stand, and again stood motionless. The 
urinary and defecation reflexes played no essential part in 
this fact. A similar fact was also sometimes observed in 
other dogs, but it was never manifested in such extremely 
marked form. It can be very simply understood as a tem- 
porary positive induction, an explosion of excitation after 
protonged and strenuous inhibition. This could be one of 
the reasons for the attacks of excitement in hysteriacs 
during their frequent and deep manifestations of inhibition, 
But there ‘may have been also another reason, which was 
demonstrated by one of our other dogs (described by Pod- 
kopayev). This calm, balanced and not very active animal 
never jumps into the stand by itself, remains motionless in 
the stand, but does not sleep, however, and its pasitive and 
negative conditioned reflexes are very constant and pre- 
cise. Some pieces of apparatus for mechanical stimulation 
of the skin are attached to one half of the dog’s body, from 
the shin across the body to the carpus. A positive food 
stimulus was elaborated from the stimulation of the shin 
and negative stimuli—from the stimulation of all the other 
places, The latter were elaborated quickly and were con- 
stant. The dog remained calm during all skin stimulations, 
making absolutely no local movements, and even the mo- 
tor food reaction was absent during conditioned stimula- 
tion; the dog took the food deliberately, Elaboration of the 
negative reflexes was begun by stimulation of the carpus 
as the point farthest removed from the point of the posi- 
tive reflex. This situation obtained for some time. Then the 
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stimulation of the carpus suddenly began to be accompa- 
nied by a motor reaction, namely, an abrupt jerking away 
of the stimulated limb. Sometimes these jerks coincided 
with the rhythm of the mechanical stimulations. Then, sim- 
ilar local reactions began to appear successively at the 
inhibited points approaching more and more the point of 
the positive stimulation, while the motor reactions became 
increasingly broader and were manifested in the shifting of 
all limbs. The head and neck remained motionless, indiffer- 
ent, so to speak, to all that occurred in the posterior part 
of the body; nor did the dog salivate. When the stimulation 
on the thigh, the closest point to the positive stimulation, 
was also made positive, the afore-described motor reaction 
to it completely disappeared. The same thing likewise 
occurred with the other points, when their stimuli were 
also made positive, except the two most remote points 
which, upon stimulation, continued, together with the 
complete salivary effect, to manifest a local defensive reac- 
tion, even if in a weakened form. The course of develop- 
ment of this phenomenon (not from the beginning of the 
experiments with each stimulus, but only after elaboration 
of the differentiation) and its local character warrant the 
assumption that these are cerebrospinal reflexes which ap- 
peared because of a functional and partial disconnection 
of the cortical skin analyser. The same thing could be as- 
sumed in some cases with hysterical subjects during their 
cortical inhibitions, 

Our material also contains other cases which likewise 
correspond to rather well-known pathological states of the 
human nervous system. May I request that you recall the 
dog (Rikman’s) which was reduced to such a state that it 
endured absolutely no conditioned stimuli from among 
physically strong agents and infallibly at once lapsed into 
an inhibited state so thal its conditioned reflex activity 
could continue only in response to weak stimuli. I will 
hardly stretch the point if I draw an analogy between this 
case not completely, of course, but only as regards its 
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mechanism, and cases of protracted human sleep lasting 
for many years, as was described by Pierre Janet concern- 
ing a young girl and as was observed in an adult male in 
one of the Petersburg psychiatric hospitals. There were 
cases of patients who seemed to be immersed in continuous 
sleep. They did not move, did not speak, and had to be fed 
and kept clean artificially. Only at night, when the daily 
life with its various and strong stimuli died down, were 
they sometimes able to engage in any activity. Janet’s pa- 
tient sometimes ate and even wrote at night. The Peters- 
burg patient was also reported. to get up from lime to time 
at night. When, almost after twenty years’ sleep, this 
patient, now an old man (sixly years old), began to shake 
off his sleep and could speak, he declared that formerly he 
had also frequently seen and heard what had happened 
around him but had been unable to do or say anything 
about it. In both these cases there was clearly an extreme- 
ly weakened nervous system and especially weakened cer- 
ebral hemispheres which by strong external stimuli were 
rapidly reduced to a continuous inhibited state, to sleep. 

On the same dog we acquainted ourselves with another 
pathological symptom of nervous activity which, in our 
opinion, is also not infrequently reproduced by the neuro- 
pathological casuistry of man. This dog had a chronic, 
narrowly localised functional affection of the auditory 
analyser in the cortex, contact with which by appropriate 
stimulation successively evoked an inhibited state of the 
entire mass of the hemispheres. There are many various 
cases of a morbid nervous state in people, when their nor- 
mal activity is more or less maintained only until they are 
affected by components, even if very negligible, even if in 
the form of verbal hints, of those strong and complex stim- 
uli which originally provoked the nervous disease, 

Lastly, we must recall the case mentioned in one of our 
earlier lectures; I am referring to the case in which we 
periodically produced visual illusions in one of our dogs, 
These illusions were, in all probability, based on a compli- 
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cation of the external stimulation of the cortex by an inter- 
nal stimulation resulting from the action of a growing 
cicatrix. We can similarly understand in some cases the 
illusions of people under particular internal stimulations 
of the cortex. 

This is from the field of pathology. The same similarity 
between our experimental animals and us is also observed 
as regards treatment of nervous disorders, besides the iden- 
tical effect of pharmaceutical agents. As was already re- 
ported before, rest, suspension of the experiments in gener- 
al, often helped in restoring normalcy. Certain details are 
observed in this case and I deem it useful to cite one of 
them here. One of our dogs was driven to an extraordinar- 
ily excited state by the method of colliding the inhibitory 
and excitatory processes (Petrova’s experiments). All 
forms of internal inhibition were disturbed, i.e, all its 
negative conditioned reflexes were transformed into posi- 
tive reflexes. All the conditioned stimuli, formerly positive, 
as well as formerly negative, gave rise to dyspnoea as the 
usual symptom of strong excitement. Suspension of ihe 
negative conditioned reflexes did not alter the state of 
affairs. Dyspnoea continued, and the positive reflexes re- 
mained greatly intensified compared with normal. Then we 
decided to use only the physically weak positive condi- 
tioned stimuli, i.e., optic and mechanical skin stimuli, sus- 
pending the acoustic ones which were usually physically the 
stronger stimuli in our experiments. A favourable result 
was noted immediately. The animal calmed down, Dysp- 
noea disappeared. The normal salivary effect was restored. 
Some time later, it was possible gradually to introduce the 
strong positive stimuli without disturbing the result of the 
treatment, Moreover, several days later, differentiation of 
the skin stimulation, according to site, as a lighter form 
of internal inhibition was on hand without provoking any 
excitement of the animal. Regrettably, the experiment was 
discontinued at this point because the experimenter had no 
more time. It is an interesting case showing how dimin- 
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ished external energy reaching the cerebral hemispheres in 
the form of conditioned stimuli decreased the pathological- 
ly intense positive tone of the hemispheres, Of course, 
human nervous therapy makes wide use, in the form of 
various vital recipes, of limitation of external stimuli fall- 
ing on the morbidly stimulated hemispheres. 

I take the liberty of describing in detail one more case 
which, to my mind, is very instructive from the point of 
view of therapy. It is a case of a dog with an absolutely 
unusual, apparently abnormal reaction to mechanical stim- 
ulation of the skin, a reaction manifested in some strong 
excitation of the cerebral hemispheres (Prorokov’s obser- 
vations and experiments). In response to our usual mechan- 
ical stimulation of the skin on the thigh the dog immedi- 
ately begins to wiggle its hind quarters, shifts all its limbs, 
tosses its head in some strange manner, squeals and some- 
times yawns. This reaction ceases, when the dog is given 
food and begins to eat. Beyond all our expectations, this 
peculiar reaction did not in any way hinder the formation 
of a conditioned reflex to stimulation of the skin, which is 
usually performed by local motor reflexes (jerking away 
the corresponding limb, local play under the site of stimu- 
lation, platysma myoides) encountered in other dogs. Here, 
on the contrary, the reflex was formed rapidly and, what 
is absolutely exceptional, in the overwhelming majority of 
cases, this conditioned mechanical skin reflex was, accord- 
ing to its salivary effect, greater than in response to the 
strongest acoustic stimuli. Similarly, the food motor reac- 
tion, which usually replaced the peculiar afore-described 
reaction at half the period of each isolated conditioned 
mechanical stimulation of the skin, was sharply intensified 
compared with what it was in response to other stimuli. 
Usually continuing for some time after cessation of feed- 
ing, the food excitement of the animal was in this case also 
longer and stronger. Besides, when the skin stimulation 
was used in the experiments, the dog became generally 
very excitable. It reacted with a complex of the same special 
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movements to the slightest sound coming from behind the 
door where the experimenter was. All this warranted the 
conclusion that in this dog the skin stimulation evoked 
strong diffuse excitation of ihe cerebral hemispheres. We 
are still unclear as to the nature of this excitation. The 
absence of an erection denoted that this excitement was 
not of a sexual character. We wondered if it was not anal- 
ogous to the effect of tickling. At any rate, it was an un- 
usual, abnormal nervous phenomenon and we decided to 
eliminate it. To do this, we used the procedure of develop- 
ing internal inhibition in the form of a differentiation of 
the skin stimulation at a particular point. Stimulation of 
the shoulder at first evoked a special and a conditioned 
reaction by virtue of the initial generalisation of the condi- 
tioned stimulation. But with its repetition unaccompanied 
by feeding the basic food reaction soon disappeared, the 
motor as well as the secretory (by the eighth time), and 
then the special motor reaction (by the fortieth time). But 
stimulation of the thigh produced the former picture of 
both the special and food motor reactions which alternat- 
ed with each other. Then we added skin stimulation closer 
to the thigh, on the side, also differentiated. Exactly the 
same thing that happened during stimulation of the shoul- 
der recurred, and the special reaction on the thigh remained 
without diminishing. Finally, we elaborated a differen- 
tiation on the hind leg. This time, during stimulation of the 
thigh the special motor reaction began to weaken and, 
finally, disappeared altogether. Thus, the development of 
extensive inhibition in the cortical end of the skin analyser 
eliminated the peculiar extraneous skin reflex, retaining 
and making normal (from increased) the conditioned skin 
food reflex. This case, as well as certain other observa- 
tions, gave us the idea of using the method of gradual de- 
velopment of inhibition in the hemispheres for the purpose 
of restoring the generally disturbed balance in them. We 
tried it on a dog which had a narrowly localised patholog- 
ical point in the auditory analyser described in one of the 
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earlier lectures. Since this point was specially connected 
with metronome beats, while the other acoustic stimuli 
acted on the healthy points of the analyser, we developed 
differentiated inhibition expecting that its irradiation to 
the pathological metronome point may favourably affect it, 
restoring it to normal excitability and activity. The experi- 
ment is still being conducted. I do not know but that 
something similar may be used in human nervous therapy, 
not considering the different sedative procedures in the 
form of lukewarm baths, etc. 

Now I shall occupy your attention with such states of 
the nervous activity of our dogs, partly normal and partly 
pathological, which, if we were to apply them to man, 
would have to be called psychic. In dogs these are the hyp- 
notic phases, transitional between waking and sleep, and 
the passive-defensive reflex. 

In one of the earlier lectures we saw that the transition 
of the animal from the waking to sleep was based on 
the development of the inhibitory process in the brain, 
beginning in the hemispheres under the influence of certain 
stimuli and representing various degrees of extensiveness 
and intensity in the different phases of the emerging sleepy 
state. Today, we can hardly doubt that there is quite 
enough of these facts in the animal for a physiological in- 
terpretation of the basic phenomena of human hypnotism. 

First of all, it is a question of the conditions evoking the 
hypnotic states. In animals, as we already know, they 
emerge rather slowly under weak and moderate monoto- 
nously and protractedly recurring stimuli (ordinary case 
in our experiments), and rapidly under strong stimuli (case 
of old hypnosis of animals). Moreover, the directly acting 
stimuli, both weak and strong, may be signalled by other 
stimuli which are conditioned in relation to the former. 
Please, recall the special method of forming conditioned 
negative reflexes described at the end of one of our lectures 
(Volborth’s experiments) when the indifferent stimuli 
repeated several times simultaneously with inhibitory stim- 
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uli elaborated earlier also became inhibitory. The proce- 
dure of hypnotising man completely reproduces the condi- 
tions described in animals. The early classical method of 
hypnotising consisted of so-called passes, i.e., weak, monot- 
onously repeated stimulations of the skin, as in our exper- 
iments. The method constantly used today consists of 
repeated words (uttered in a minor, monotonous tone) 
describing the physiological acts of the sleepy state. These 
words are, of course, conditioned stimuli firmly connected 
in all of us with the sleepy state and therefore evoking it. 
On this basis everything that coincided with the sleepy 
state several times in the past can and does hypnotise. All 
these are analogues of the chain negative reflexes (Vol- 
borth’s) similar to the chain conditioned positive reflexes, 
i.e., reflexes of different orders described in one of the 
earlier lectures. Lastly, hysteriacs are hypnotised, accord- 
ing to Charcot, by strong sudden stimuli as in the old 
method of hypnotising animals. Of course, physically weak 
stimuli may also act at the same time, if they signal the 
strong stimuli, ie., if they, by virtue of coinciding in time, 
have become conditioned in relation to the strong stimuli. 
In animals, as well as in man, most of the hypnotic meth- 
ods reach the goal the sooner and with greater certainty, 
the more often they are used. 

The loss of voluntary movements and catalepsy, ie., 
retention of the position of parts of the body imparted to 
them by an external force, is one of the first manifesta- 
tions of hypnosis. Of course, this is a result of isolated 
inhibition of the motor analyser (motor area of the cortex) 
which has not descended to the motor centres underlying 
the hemispheres. At the same time, the other parts of the 
hemispheres may function properly. The hypnotised sub- 
ject may understand what we say to him, may know from 
us the distorted posture which we imparted to him, may 
wish to alter it and still be unable to do it. All this is also 
observed during the hypnotic state in animals. In the lec- 
ture on hypnotic states, we already mentioned that some 
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dogs completely retained an active pose, but lost all con- 
ditioned reflexes. This is a case of inhibition of the whole 
mass of the hemispheres without the inhibition descending 
below the hemispheres. Other dogs react to all the condi- 
tioned stimuli with activity of the salivary glands, but do 
not take the food. This is a case of inhibition of only the 
motor analyser. Lastly, in the animals hypnotised by the 
old method, the body and limbs remained motionless, while 
the eyes watched what was going on nearby and the 
animals could sometimes even eat the food they were 
offered, This is a case of a still more partial inhibition so 
that, in addition to the entire remaining mass of the hemi- 
spheres, even the motor analyser was not completely in- 
hibited. Of course, the tonic local reflexes in response to 
suitable external stimuli are quite understandable, during 
total inhibition of this analyser in animals, as well as in man, 

It stands to reason, that in more complex forms of the 
hypnotic state it is difficull and now even impossible, for 
several reasons, to draw a parallel between the animal and 
man. Perhaps we are not yet cognisant of all the phases of 
the hypnotic state, especially concerning the degree of its 
intensity and do not, as was mentioned before, exactly 
know their order and succession. We are probably unfamil- 
iar with all the forms of its manifestation in animals, since 
we have not observed the animals in their usual life, both 
individual and social, but only in the limited situation of 
the laboratory experiment, i.e., abstracted, as it were, 
from their total behaviour. In other words, we are either 
as yet unable to perform all the necessary varieties of 
experiments or perhaps sometimes cannot properly note 
and understand all the phenomena belonging here, whereas 
in man we know them under more diverse conditions of 
life, reproduce and investigate them by using the great 
system of speech signals. Of course, we must also bear in 
mind that with the extraordinary difference in the complex- 
ity of behaviour of man and animals the latter may not 
at all have some of the forms of manifestations of the 
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hypnotic state. We, therefore, have to use the elementary 
data obtained from the animals only for some tentative 
physiological understanding of the various manifestations 
of the hypnotic state in man. 

Let us take the automatism of hypnotised persons when 
they stereotypically reproduce what the hypnotiser does 
before them or when they correctly perform the move- 
ments (walk) along a complex, intricate and difficult path. 
Here we are apparently dealing with the well-known in- 
hibition of certain parts of the hemispheres, which excludes 
the normal rather complex activity directed by the new or 
even old, but constantly again combining stimuli of the 
given moment. However, this inhibition admits or even 
improves, outside of complex influences, the old firmly and 
long practised connection of certain stimuli with definite 
activity, definite movements. Thus, the imitative reflex is 
vividly reproduced under hypnosis, the reflex by means of 
which complex individual and social behaviour is elaborat- 
ed in all of us during childhood. Similarly, the succession 
of objects with their peculiarities which formerly repeat- 
edly evoked corresponding movements and actions, by 
successively stimulating certain analysers of the person in 
a definite stage of hypnosis unerringly guides him stereo- 
typically amid this succession. Is it not the usual thing 
that, while occupied mainly with one matter, one thought, 
we can simultaneously do something else, something which 
we are very much accustomed to, i.e., work with the parts 
of the hemispheres which are in a certain degree of inhibi- 
tion, according to the mechanism of external inhibition, 
because the point of the hemisphere connected with our 
main occupation is, of course, then greatly excited? I am 
becoming personally convinced that this understanding of 
the matter corresponds to the fact, now that in my old age 
the reactivity of my brain has diminished (poor memory 
of current events). As time goes on I am becoming increas-~ 
ingly less capable, while doing one thing, properly to do 
something else. The concentrated stimulation of a certain 
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point with general diminution of the excitability of the 
hemispheres apparently induces such inhibition of the 
other parts of the hemispheres that the conditioned stimuli 
of the old, firmly fixed reflexes now prove below the 
threshold of excitation. 

Perhaps we could draw an analogy between the afore- 
described state of hypnotised subjects and the hypnotic 
stage in dogs, which we call narcotic, when the strong and 
old reflexes persist, while the weak and young ones 
disappear. 

Of the hypnotic phenomena in man so-called suggeslion 
justly attracts special attention. How should it be under- 
stood physiologically? Of course, for man the word is as 
real a conditioned stimulus as all the other stimuli which 
man has in common with animals, but at the same time it 
is also more all-inclusive than any others and in this re- 
spect cannot in any way be either quantitatively or qualita- 
tively compared with the conditioned stimuli of animals. 
Owing to the entire preceding life of the adult human be- 
ing, the word is connected with all the external and inter- 
nal stimuli reaching the cerebral hemispheres, signals them 
all, replaces them all, and can therefore evoke all the 
actions, reactions of the organism, which those stimuli 
condition. Thus, suggestion is man’s most simplified and 
most typical conditioned reflex. The word of the person 
who begins hypnotising the given subject with a certain 
degree of inhibition developing in the cerebral cortex, con- 
centrating the stimulation in a definite narrow region, 
according to the general law, at the same time evokes 
naturally deep external inhibition (as in my own case 
which I have just pointed out) throughout the remaining 
mass of the hemispheres and thus excludes all competing 
influence of all the other present and old traces of stimula- 
tions. Hence, the great, almost irresistible power of sug- 
gestion as a stimulus during hypnosis and after it. And 
later, after hypnosis, the word retains its effect, remaining 
independent of the other stimuli and immune to them as it 
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was at the moment of its initial application to the cortex 
which was not connected with them. The all-embracing 
nature of the word makes intelligible the fact that by sug- 
gestion it is possible to evoke in the hypnotised subject so 
many various actions directed at the external as well as Lhe 
inner world. We may wonder whence comes this power of 
suggestion compared with dreams which are for the most 
part forgotten and only rarely are of some vital signifi- 
cance. But a dream is a trace stimulation and at the same 
time for the most part an old stimulation, whereas suggces- 
tion is a present stimulation. Furthermore, hypnosis repre- 
sents a lower degree of inhibition than does sleep and, 
consequently, suggestion has twice the stimulatory power 
than does a dream. Lastly, suggestion as stimulation is 
brief, isolated and integral, and is therefore strong; a dream 
usually represents a chain of various and contrary trace 
stimulations. The fact that the hypnotised subject may be 
suggested anything that is contrary to reality and a reac- 
tion diametrically opposed to the real stimulations—a 
sweet taste instead of a bitter taste, an unusual visual slim- 
ulation instead of a commonplace stimulation, etc., may 
be evoked—can be understood, without stretching the 
point, as the paradoxical phase in the state of the nervous 
system, when weak stimuli produce a greater stimulatory 
effect than do strong stimuli. The real stimulation, for 
example, from a sweet substance, proceeding directly to 
the corresponding nerve cell is, it must be assumed, great- 
er than the stimulation with the word “bitter” which 
passes from a corresponding auditory cell into the cell 
which corresponds to the real stimulation with bitter, as a 
conditioned stimulus of the first order is always stronger 
than a conditioned stimulus of the second order. Even now 
in pathological cases the paradoxical phase may be of 
greater significance than we indicated before. It may be 
assumed that it makes itself felt also in those normal peo- 
ple who yield to the influence of words more than they do 
to the facts of surrounding reality. 
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Some time, we may possibly learn to make suggestions 
to animals under hypnosis. 

The fact that certain phases of the hypnotic state remain 
more or less stationary in man also occurs in dogs. In man, 
just as in animals, under certain external conditions and 
depending on the individuality of the nervous system, the 
hypnotic state rather quickly changes to complete 
sleep. 

The passive-defensive reflex is in a certain manner con- 
nected with the hypnotic state. As was already mentioned, 
the old form of animal hypnosis may justly be regarded as 
the passive-defensive reflex consisting, during encounter 
with extraordinary or strong external stimuli, in greater or 
lesser immobilisation of the animal by inhibition (develop- 
ing primarily in the cerebral cortex) of the skeletal and 
motor system. This reflex was repeatedly discovered in our 
experimental animals in different degrees of intensity and 
in somewhat different forms, invariably retaining its basic 
inhibitory character. Its variations consisted in greater or 
lesser restriction of the animal’s movements, as well as 
in weakening and disappearance of conditioned reflexes. 
The passive-defensive reflex was usually evoked by extra- 
ordinary and strong external stimuli. But the extraordinary 
character and strength of external stimuli are, of course, 
entirely relative values. The extraordinary character of 
the stimulation is determined by what the animal was 
subjected to before, while the strength of the action of the 
external stimulus depends on the state of the given nervous 
system: its inborn properties, health or disease, and lastly, 
different stages of healthy existence. We observed all this 
on our dogs. The dogs, earlier exhibited many times before 
a large audience, in the long run remained perfectly 
normal, while those which appeared before that 
audience for the first time sank into an intensely inhibited 
State. 

The afore-described exceptional dog, named ‘‘Smarty”, 
reacted to the slightest variations in its environment as to 
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strong stimuli and was extraordinarily inhibited by them. 
Some dogs, strongly influenced by the great flood and ap- 
parently made chronically ill were inhibited by strong 
conditioned stimuli which had formerly never affected 
them that way. Lastly, some dogs are in such an inhibited 
state only under certain degrees of hypnosis. The latter 
case produces an extraordinary impression on the observer. 
Here is a dog which formerly always remained awake in 
the experimental situation and quickly and greedily ate the 
food it was given after application of condilioned stimuli. 
By frequent and continuous application of weak conditioned 
stimuli we induced a certain constant hypnotic stale in 
this dog in the experimental situation and almost immobi- 
lised it. Then we observed the following strange state of 
affairs. We applied strong conditioned stimuli in response 
to which the dog turned repeatedly to ihe place where the 
food was served, then sharply turned away and did nol 
touch the food. Anyone observing the dog would infallibly 
say that the dog was afraid of something. No sooner did 
we apply a weak conditioned stimulus than the dog walked 
over to the feeding box and calmly ate. As soon as we 
dispelled, eliminated the hypnotic state, all the conditioned 
stimuli evoked the normal effect. It is clear that in the spe- 
cial state of the animal the former usual stimuli acted as 
very strong ones and produced an inhibitory reflex. And, 
contrariwise, as soon as we were able to raise the excita- 
tory tone in the hemispheres of our exceptionally inhibited 
dog “Smarty”, we could immediately observe a consider- 
able weakening of its almost constant passive-defensive 
reflex, 

In all the aforesaid cases it is the characteristic passive- 
defensive poses of the animal that always strike the oye. 
When you see all these experiments you cannot but con- 
clude-—and this conclusion must be recognised as correct 
at least in many cases—that what we psychologically call 
fear, cowardice and timidity has as its physiological sub- 
strate the inhibitory state of the cerebral hemispheres and 
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represents various degrees of the passive-defensive reflex, 
Of course, after this we are quite justified in regarding the 
delusion of persecution and the phobias as a natural in- 
hibitory symptom of the pathologically weakened nervous 
system. 

There are such forms of fear and cowardice as panic 
flight and special slavish poses which apparently contradict 
the aforesaid conclusion that they are based on the inhibi- 
tory process. It must be assumed that these are uncondi- 
tioned reflexes issuing from the centres directly underlying 
the cerebral hemispheres and becoming active precisely 
during inhibition of the cerebral hemispheres. The latter is 
proved by the disappearance at this time of the condi- 
tioned reflexes. 

Now a few words about our experiments described at 
the end of the preceding lecture. If they find complete con- 
firmation during repetitions and variations, they will prob- 
ably throw some light on the obscure phenomena of our 
subjective world concerning the relations between the con- 
scious and the unconscious. These experiments would indi- 
cate that so important a cortical act as synthesis can take 
place in the parts of the hemispheres, which are in a certain 
degree of inhibition, under the influence of the strong exci- 
tation prevailing in the cortex at the given moment. Even 
if there is no awareness of this act at that time, it has 
taken place just the same and under favourable conditions 
it may appear in the consciousness ready-made and seem 
to have emerged in an unknown manner. 

In conclusion to all these lectures I repeat that I regard 
all our experiments, like the similar experiments conducted 
by other authors, aimed at a purely physiological analysis 
of higher nervous activity, as the first trial which, accord- 
ing to my profound conviction, however, has quite justified 
itself. We have won the incontestable right to say that the 
investigations of this extraordinarily complex subject are 
now on the right track, on the way to complete, although, 
of course, not early, success. As for ourselves, we can say 
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that we are now faced with many more questions than ever 
before. Formerly we artificially simplified, schematised the 
subject in virtue of necessity, whereas today with some 
knowledge of its general principles, we are beset or over- 
whelmed, to be exact, by a mass of particulars which 
require determination. 


PHYSIOLOGICAL TEACHING ON TYPES 
OF NERVOUS SYSTEM OR TEMPERAMENTS*9 


At the present meeting, dedicated to the memory of the 
great Russian physician, I have been given permission, as 
a token of my admiration of the talents, scientific contri- 
butions and life of Nikolai Ivanovich Pirogov,’° to report 
on the experimental work which I have carried out together 
with my associates and which, although not specially surgi- 
cal, is, nevertheless, of a physiological and medical char- 
acter. 

Temperament forms a most important part of the consti- 
tution, and, since the constitution now uncommonly occu- 
pies the attention of the medical world, my report to physi- 
cians will thus be justified. 

The physiological teaching on temperaments is a result 
of a new study of higher nervous activity conducted by a 
new method. Since this study has not yet become common 
knowledge, has not become part of textbooks on physiolo- 
gy, whence we derive the basic information on the animal 
organism, I must, in order to be understood, willy-nilly, 
touch upon certain general propositions from this study 
and only then pass to the special subject of my report. 

The most general characteristic of a living being con- 
sists in the fact that it responds with its definite specific 
activity not only to the external stimuli, the connections 
with which exist ready-made since the day of birth, but 
also to many other stimuli the connections with which 
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develop in the course of individual existence, in other 
words, that a living being possesses the ability of adapta- 
tion. 

For greater clarity of the subject I shall begin with the 
higher animals. The specific reactions of the higher animals 
are, as is well known, called reflexes, and by these reflexes 
the animals establish constant relations with the environ- 
ment. Of course, these relations are a necessity because, if 
the organism did not establish suitable, definite relations 
with the environment, it could not exist. The reflexes are 
always of two kinds: constant reflexes to definite stimuli 
existing in each animal from the day of birth, and tempo- 
rary, variable reflexes to most diverse stimuli which each 
animal encounters during its lifetime. As for the higher 
animals, for example, dogs, with which all our investiga- 
tions deal, these two kinds of reflexes even appertain to 
different parts of the central nervous system. The constant 
reflexes, i.e., what we have always called reflexes, are con- 
nected with all parts of the central nervous system, includ- 
ing the cerebral hemispheres, while the hemispheres are the 
special place, the organ of temporary connections, tempo- 
rary relations of the animal with its environment, tempora- 
ry reflexes. 

You know very well that until recently, until the end of 
last century, these temporary relations, temporary con- 
nections of the animal organism with its environment were 
not even considered physiological, and another phrase— 
“psychic relations’ —was used to designate them. Current 
studies have shown that there are no reasons whatsoever 
to exclude them from the field of physiological research. 

From these general words I shall now proceed to a num- 
ber of particular facts. Take harmful conditions, harmful 
influences, which the animal, of course, immediately avoids, 
for example, fire which burns the animal, if it finds itself 
in the sphere of its action, comes in contact with it. This 
is, Of course, an ordinary inborn reflex, the function of the 
lower divisions of the central nervous system. But if the 
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animal avoids the red colour and the pattern characteristic 
of fire at a distance, this reaction is one the animal has 
obtained during its lifetime, it is a temporary connection, 
a temporary, acquired reflex, which one animal may have 
and another, which has not yet been in contact with fire, 
will not have at all. Take another field of stimulation, for 
example, the food reflex, i.e., taking food. This is primarily 
a constant reflex: a child, as well as a newborn animal, 
immediately performs certain movements and introduces 
food into its mouth. But when an animal runs after this 
food from a distance attracted either by the sight of this 
food or by a sound produced, for example, by a small 
animal which serves as food for the former animal, it is 
also a food reflex, but this reflex has formed during the 
animal’s lifetime by means of the cerebral hemispheres. 
This is a temporary reflex, and, from a general point of 
view, it could be called a signalling reflex. In this case the 
stimulus signals the real object, the real aim of the simple 
inborn reflex. 

We have now made great progress in the studies of 
these reflexes. Here is an ordinary example which we 
always have before our eyes. You give or show food to the 
dog. This food evokes a reaction: the dog reaches for the 
food, takes it into its mouth, salivates, etc. To evoke the 
same reaction, motor and secretory, we can replace this 
food with anything we wish, any casual stimulus, but be- 
fore we do this we must connect it with food in time. If you 
ring or whistle, or raise your hand, or scratch the dog, or 
do anything you please and then immediately give the dog 
food and repeat it several times, all these stimuli will elicit 
the same food reaction: the animal will reach for the stim- 
ulus, will lick its lips, will salivate, etc., i.e., you will have 
the same reflex as you did before, when you showed it the 
food. 

It stands to reason, that it is extremely important for the 
animal under the conditions of its life to be physiologically 
connected so remotely and so diversely with the favourable 
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conditions which it needs for existence or with the harmful 
conditions which menace its existence. If, for example, 
some danger is signalled by sound from afar, the animal 
will have time to take measures against it, etc. It is clear 
that the highest adaptation of animals, the highest equili- 
brium with the environment, is infallibly connected with 
this kind of temporarily forming reflexes. These two kinds 
of reflexes we usually designate by two special adjectives: 
the inborn, constant reflexes we call unconditioned reflexes, 
whereas those that attach themselves to the inborn reflexes 
during the animal’s lifetime we call conditioned reflexes. 

If we daily and repeatedly connect and disconnect our 
lamp and telephone, it would be an incredible incongruity 
for the vast conducting nervous system which connects 
the organism with the endless surrounding world to deviate 
from this technical principle and for this not to be its usual 
physiological procedure. It follows that there are no rea- 
sons for theoretical thought to object to this, whereas 
physiologically this has been quite confirmed. Under cer- 
tain circumstances conditioned reflexes regularly forrn 
and exist like any other nervous phenomena. 

We shall consider one more fact concerning conditioned 
reflexes. Let a tone, for example, of 1,000 vibrations per 
second be made a conditioned food stimulus by the usual 
procedure, i.e., simultaneous application of the tone and 
feeding. This is a reflex in which the conditioned stimulus 
evokes in the cortex the process of excitation, a positive 
food reaction. 

Such a reflex we call a positive conditioned reflex. But, 
in addition to these conditioned positive reflexes, there are 
also negative reflexes, i.e., such reflexes as evoke in the 
central nervous system not the process of excitation, but 
the process of inhibition. If, after the foregoing reflex to a 
tone of 1,000 vibrations per second has formed, I try other 
tones, marginal ones, say, 10-15 tones in either direction, 
they will also act, but less intensely the further they are 
located from my tone to which I have elaborated the reflex. 
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Now, if I constantly accompany my tone, the initial one, 
as formerly with food, while I do not accompany with food 
the tones which began to act by themselves, in this case 
the latter will gradually and entirely lose their conditioned 
food effect. 

Have they become indifferent, then? No, they have not. 
Instead of a positive effect they have acquired inhibitory 
action; they stimulate in the central nervous system the 
process of inhibition. The proof of this is perfectly simple. 
You try a tone of 1,000 vibrations per second. It elicits, as 
always, a positive reflex, a food reaction. Now you apply 
one of the tones which have ceased to act. Immediately 
following this, the tone of 1,000 vibrations will also tempo- 
rarily lose its effect. Consequently, the marginal tone has 
produced inhibition in the central nervous system and it 
requires some time to eliminate this inhibition from the 
nervous system. Thus you see that with these temporary 
agents it is possible to produce in the central nervous 
system processes of excitation as well as inhibition. You 
understand, of course, that this is of tremendous impor- 
tance in the life of animals, as well as our own life, since 
our life boils down to the fact that under certain conditions 
and at a certain moment we must act in a certain manner, 
while under other circumstances and at another moment 
we must inhibit our activity. 

This underlies the highest vital orientation. The normal 
life of man and animals thus consists of constant and 
correct balancing of these two processes. We must bear in 
mind that these two antagonistic processes are equally im- 
portant, equally essential in nervous activity. 

I think I can limit my preliminary explanations to this 
and turn to the main subject. 

During elaboration of conditioned reflexes, now positive 
and now negative, we observe in the dogs an enormous 
difference as to how rapidly these reflexes are elaborated, 
how stable they are and to what extent they reach the 
absolute. In some animals it is very easy to elaborate a 
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positive reflex and the latter is very stable under most 
diverse conditions; but it is very difficult to obtain in- 
hibitory reflexes in these animals; in some animals it is 
impossible to elaborate them with complete precision, since 
they infallibly contain a certain element of positive action. 
This characterises some animals. On the other hand, at the 
opposite end there are animals in which positive condi- 
tioned reflexes are elaborated with great difficulty, they 
are constantly very unstable, and are inhibited from the 
slightest change in the surroundings, i.e., they lose their 
positive effect; contrariwise, the inhibitory reflexes develop 
rapidly and are always very stable. 

Between these extremes there is a central kind of dog 
or a central type of nervous system. This is a type of dog 
which easily develops both kinds of reflexes and which well 
inhibits and well forms positive reflexes, a type in which 
both kinds of reflexes remain stable and may be perfectly 
precise. It follows that the entire mass of dogs can be 
divided into three main groups: the excitable group, inhibi- 
table group (extreme groups) and the central group in 
which the processes of excitation and inhibition are bal- 
anced. Since the cerebral hemispheres are the seat of the 
conditioned reflexes, in the three aforesaid groups it is a 
question of three types of character and, corresponding- 
ly, activity of the cerebral hemispheres. 

But we have still more convincing proof of the existence 
of these three types of nervous system. 

If we produce a very difficult encounter between the 
excitatory and inhibitory processes, we observe entirely 
different reactions of the three types of central nervous 
system to this procedure. I shall describe for you in some- 
what greater detail the method which we constantly use 
and which is, so to speak, the highest test of adaptation or 
strength of the nervous system. We place a piece of appa- 
ratus on the skin; with this apparatus we mechanically 
stimulate the skin in a definite rhythm, say, every second, 
and this becomes a conditioned stimulus. This stimulus can 


213 


be differentiated, i.e., the nervous system may be made to 
react differently to the different frequency of mechanical 
stimulation. Let us assume that, besides the 30 stimulations 
in 30 seconds that I used before, I shall also use 15, and 
that I can produce a situation in which the dog will mani- 
fest a positive food reaction when I use 30 stimulations, 
and this reaction will be inhibited when I use 15. Of course, 
this is done so that the 30 stimulations are accompanied 
by feeding and the 15 stimulations are not. 

Thus two stimulations which differ from each other but 
little evoke two antagonistic processes in the nervous 
system. Now, if we bring these two processes together, 
make them directly follow one another, collide them, as it 
were, with one another, we obtain a very interesting result. 
Let us assume that I begin with 15 stimulations and the 
dog manifests no food reaction. If I immediately replace 
the 15 stimulations with 30, this will be a test of the nerv- 
ous system which will very obviously distinguish the three 
afore-mentioned types. If the experiment is performed on 
a dog of one pole, say, the excitable, in which excitation 
predominates and inhibition is weak, the following takes 
place: either immediately or after several repetitions of 
this procedure the dog becomes sick. It retains only the 
excitatory process and almost completely loses the inhibi- 
tory process. In the laboratory we call this state 
neurasthenia, and this disease may last in the dog for 
months. If I apply the same procedure to dogs of the oppo- 
site pole, it is, contrariwise, the excitatory process that 
weakens in them, while inhibition remains extraordinarily 
predominating. We call such dogs hysteriacs. In both these 
cases the normal correlation between inhibition and excita- 
tion has disappeared. We call this a derangement. We are 
apparently dealing with neuroses; two true neuroses: one 
with predominance of excitation and the other of inhibi- 
tion. These are serious diseases; they last for months and 
the dogs have to be treated for them. Our main treatment 
is suspension of all experiments, but sometimes we also 


2i4 


resort to other means. As for the diseases of the inhibitory 
type we have found no other means save discontinuing the 
experiments with the dog, sometimes for six months and 
even longer. Bromides and calcium salts have proved good 
agents for the other neurosis. The sick animal becomes 
normal within a week or ten days. 

Hence, it cannot be doubted that these are entirely 
different dogs, since they contract different diseases under 
the influence of the very same pathogenic procedure. 

But, in addition to these extreme types, there is also the 
central type. The same procedure has no effect on animals 
of the central type; they remain well, they do not fall ill. 
It becomes perfectly clear that there are three different 
types of nervous system: central—balanced, and two 
extreme types—excitable and inhibitable. It means that 
the two extreme types work, if I may say so, mainly with 
one half of the nervous system. We may call them half- 
and-half types. Between them stands the integral type in 
which both processes work constantly and evenly. 

Now the following is of some interest. The central type 
is available in two forms externally greatly differing from 
one another, although in relation to our main criterion the 
difference between these two forms is very slight. One form 
very easily balances the antagonistic nervous processes, 
while the other one does so with some difficulty, and that 
is all. It never goes as far as a pathological state, 

Now if we attend to the general external behaviour of 
all our dogs, we observe approximately the following. The 
excitable type in its highest manifestation is for the most 
part an aggressive animal. For example, if the master, 
whom these animals know very well and to whom they are 
quite obedient, should suddenly mistreat them, say, whip 
them, they may bite him, may not restrain themselves, The 
extreme inhibitable type shows itself in that, if you shout 
at it or raise your hand against it, it will put the tail be- 
tween its legs, crouch and even urinate. This is what we 
call a cowardly animal. As for the central type, the latter 
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is represented by two forms: scarcely mobile, quiet animals 
which seem entirely to ignore everything in their environ- 
ment (we usually call them sedate) and, on the contrary, 
animals who, when awake, are very lively, extraordinarily 
mobile, examining everything and sniffing at everything. 
But at the same time these animals are very peculiar in 
that they are strangely inclined towards sleep. As soon as 
they are brought into our atmosphere, are left in a separate 
room alone, are put in a stand and their environment ceases 
greatly to vary, they immediately begin to drowse and fall 
asleep. This is actually an amazing combination of mobility 
and sleepiness. 

Thus all our animals are divided into four definite groups: 
two extreme groups of excitable and inhibitable animals 
and two central groups of balanced but different animals: 
some very quiet and others extraordinarily lively. We have 
to consider this a precise fact. 

Can we apply this to man? And why not? I do not think 
it should prove offensive to man if man and dogs have the 
same main characters of nervous system. Today we are 
already so educated biologically that nobody can object to 
this comparison. We can attribute to man with full justifi- 
cation the types of nervous system established in the dog 
(and these types are so precisely characterised). These 
types are apparently what we call temperaments in man. 
A temperament is the most general characteristic of each 
individual person, the most basic characteristic of his nerv- 
ous system, and the latter leaves a particular imprint on 
the entire activity of each individual. 

In the question of temperaments, general human empiri- 
cism with Hippocrates, the brilliant observer of human be- 
ings at the head has apparently come closest to truth. It 
is the ancient classification of temperaments: choleric, 
melancholic, sanguine and phlegmatic. To be sure, this 
classification is now being extraordinarily altered. Some 
say there are only two temperaments, others establish 
three, still others—six, etc. However, for the past two 
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thousand years the majority has clearly inclined towards 
the four types. It may be assumed that this ancient view 
contains the greatest amount of truth. I can show you the 
extent to which some of the latest authors are muddled in 
this question by the example of one Russian psychiatrist. 
He decided to recognise six temperaments: three normal 
and three pathological. The normal temperaments include 
the merry, clear and phlegmatic, while the pathological 
ones include the choleric, melancholic and sanguine. It is 
strange that, for example, the sanguine temperament is 
ascribed to the pathological group only because all san- 
guine persons are presumably light-minded. In other words, 
light-mindedness is a symptom of pathology. 

If we take the ancient classification of the four temper- 
aments, we shall at once see the agreement between the re- 
sults of our experiments on dogs and this classification. 
Our excitable type is the choleric, while the melancholic is 
the inhibitable type. The phlegmatic and sanguine tempera- 
ments would correspond to the two forms of the central 
type. The melancholic temperament is clearly the inhibi- 
table type of nervous system. For the melancholiac every- 
thing in life apparently becomes an inhibitory agent, since 
he does not believe in anything, does not hope for anything, 
sees only evil and danger in everything and expects 
only evil and danger from everything. The choleric type is 
clearly a militant type, with verve, easily and quickly 
excitable, The golden mean is represented by the phlegmat- 
ic and sanguine temperaments, balanced and, therefore, 
healthy, stable and truly vital nervous types, as different 
or even opposite the representatives of this type may ap- 
pear externally. The phlegmatic person is always calm, 
balanced, persistent and hard-working. The sanguine per- 
son is hot-headed, and very productive, but only when he 
has a lot of interesting things to do, i.e., has constant stim- 
ulation. When he has no such things, however, he be- 
comes bored and sluggish, exactly like our sanguine dogs 
(this is what we usually call them) which are extremely 
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lively and business-like, when the situation excites them, 
and immediately begin to drowse and sleep when there are 
no such stimuli. 

We took the liberty of assuming and thinking somewhat 
further by touching upon the clinical aspecis of nervous 
and mental diseases, although our information does not go 
beyond that contained in textbooks. It occurred to us that 
among human beings the main suppliers of these clinics 
are also probably the extreme, unstable types or tempera- 
ments, whereas both forms of the central type remain 
more or less unaffected by the trials and tribulations of 
life. We thought it justifiable to connect neurasthenia, as 
the corresponding morbid form, with the excitable choleric 
type and hysteria, as the predominantly inhibitory form, 
inhibitory disease, with the inhibitable melancholic type, 
And, furthermore, when the disease appears as the so- 
called psychic forms, can we not assume that the two main 
groups of constitutional endogenous psychoses—cyclothy- 
mia and schizophrenia—represent by their physiological 
mechanism the highest stage of the same diseases? 

On the one hand, the neurasthenic can develop extra- 
ordinary activity, perform enormous work. Many promi- 
nent people were neurasthenics, But, along with periods 
of strenuous work, the neurasthenic infallibly experiences 
periods of deep impotence. 

And what about the cyclothymic type? The same thing. 
Now he is excited well beyond normal, up to attacks of 
frenzy, and now he sinks into a deep depressive, melan- 
cholic state. 

On the other hand, our laboratory hysterical dogs ap- 
parently have very weak cortical cells which easily lapse 
into various degrees of the chronic inhibitory state. But 
the basic general feature of human hysteria is apparently 
the same cortical weakness. Simulation of illness, sugges- 
tibility and emotiveness (I am taking this psychic character- 
istic of hysteria from the pamphlet on Hysteria and Its 
Pathogenesis by Professor L, V. Blumenau‘4!) are all vivid 
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manifestations of this weakness. A healthy person will not 
hide behind illness, will not try to elicit lenience, com- 
passion or interest to himself, as to a sick, i.e., weak per- 
son. Suggestibility is, of course, based on an easy transi- 
tion of the cortical cells to an inhibitory state, whereas 
emotiveness is a predominance, a violence of the most 
complex unconditioned reflexes (aggressive, passive-defen- 
sive and other reflexes—functions of the subcortical cen- 
tres) with weakened cortical control. 

There are also reasons to regard schizophrenia as an 
extreme weakness of the cortex, as the highest stage of 
hysteria. The basic mechanism of suggestibility is a disso- 
ciation of the normal, more or less unified work of the 
entire cortex. Definite suggestion is irresistible precisely 
because it takes place in the absence of the usual influ- 
ences on it from the other parts of the cortex. And if this 
is so, schizophrenia is the highest manifestation of the 
same mechanism. Let us imagine extreme general weak- 
ness of the cortex, its, so to speak, pathological, abnormal 
fragility. As it is possible to obtain entirely isolated invalid 
points and foci in the cortex of our inhibitable hysterical 
dogs by applying functional difficulties, in schizophrenics, 
under the influence of rather strong life’s impressions, 
probably on the basis of an organic disease, increasingly 
more such impotent points and foci constantly and gradu- 
ally appear, an ever greater dissociation of the cerebral 
cortex and a splitting of their normal integrated work 
takes place. 

After all the aforesaid, it seems to me that it can hardly 
be disputed that in the thousand-year-old question of tem- 
peraments a weighty word belongs to the laboratory 
because of the elementary and relatively simple character 
of its experimental objects. 


SOME PROBLEMS OF THE PHYSIOLOGY 
OF THE CEREBRAL HEMISPHERES”2 


Our last question will be the question of types of nerv- 
ous system. The experimental material collected by us 
on dogs with which we performed all our experiments has 
grown so much that we can justly speak of main types of 
nervous system. In our animals the difference with regard 
to formation and nature of positive and inhibitory condi- 
tioned reflexes comes to the fore perfectly clearly. There 
is a group of dogs in which positive conditioned reflexes 
are formed very easily, soon reach their utmost intensity 
and stably persist on this level despite the frequent differ- 
ent inhibitory phenomena, i.e., despite the interference of 
irrelevant reflexes. You may even try by frequent and con- 
tinuous repetition of these reflexes to decrease their effect 
in response to strong, as well as weak conditioned stimuli, 
a method which usually easily reduces the intensity of the 
conditioned reflexes. And yet they remain stable. But all 
inhibitory reflexes are acquired by these animals with great 
difficulty. The animals greatly resist them, struggle against 
them. A lot of time has to be wasted to achieve their full 
elaboration, if it is at all possible in them. In some of them 
it is entirely impossible to produce full inhibitory reflexes, 
for example, absolute differentiations. 

In others they may be developed, but they cannot be re- 
peated in the course of one experiment or even every day 
at least once in every experiment, or else they cease to be 
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. full again. Besides, they are easily disinhibited by irrele- 
vant stimuli. At the opposite end there is the type in 
which, on the contrary, the positive conditioned reflexes 
under our conditions are formed very slowly, do not soon 
reach maximum intensity and are extraordinarily liable io 
diminish and disappear for a long time under very insignif- 
icant irrelevant and new stimuli, Frequent repetition of 
positive reflexes similarly rapidly leads to their diminu- 
tion and disappearance. But inhibitory reflexes are pro- 
duced uncommonly rapidly and are very stable. Inhibitory 
type is a legitimate designation for this type of animal. 
Concerning the cortical cells of these two groups of dogs 
we can say that in the excitable type the cells are strong 
and richly endowed with excitable substance, whereas in 
the inhibitory type the cells are weak and contain very 
little of this substance. In accordance with this, the usual 
strength of stimuli proves supermaximal for these latter 
cells and quickly brings them into a state of inhibition. 
Between these extreme types there is a central type. 
Both positive and inhibitory reflexes are easily formed by 
this type and once formed they become stable. Since nor- 
mal nervous activity consists in constant balancing of the 
two antagonistic nervous processes, and in the latter type 
this balancing occurs more or less uneventfully, this type 
has the right to be called a balanced type. So far we have 
used several varieties of experiments, i.e., several criteria 
for comparing various animals as regards their conditioned 
reflex activity, and the foregoing classification has always 
justified itself. Of course, there are also certain gradations 
between these basic types. This classification is also con- 
firmed by the fact that, when faced with difficult nervous 
tasks or under the influence of excessively strong stim- 
uli, or during a severe collision of the antagonistic nervous 
processes, when a protracted deviation from the usual state 
of their nervous system occurs in some of the animals 
(true neuroses), the afore-described types differ even more 
from each other. While the balanced type rather quickly, 
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at any rate without any consequences, overcomes these 
difficult tasks, the extreme types clearly develop nervous 
diseases and different ones at that: the excitable type al- 
most completely loses its inhibitory ability and becomes 
permanently and strongly excited under our conditions, as 
also in general; the inhibitory type, on the contrary, almost 
completely loses all our positive conditioned reflexes and 
lapses into a hypnotic state with its different phases. In 
this case both types require for restoration of normalcy the 
following treatment: prolonged rest, suspension of the 
experiments, or pharmaceutical agents, or both. It is in- 
teresting that the balanced type defined by our criteria is 
represented by two forms greatly differing in their exter- 
nal behaviour: some animals, which are always extremely 
calm, somehow strangely indifferent to everything that 
goes on around them, but always awake, and others, which 
are uncommonly mobile and lively under the usual circum- 
stances and constantly interested in everything that hap- 
pens around them, but which in a monotonous atmosphere 
(for example if they are left in the experimental room 
alone) amazingly quickly sink into a sleepy state. Although 
these dogs, like the calm ones, cope with their difficult 
nervous tasks without diseases, they do so with some 
difficulty. 

Our types of nervous system are apparently what is 
usually designated by the term “temperament”. A tempera- 
ment is the most general characteristic of each individual 
person, as also each animal, the basic characteristic of the 
nervous system which lends a definite colouring to the 
entire activity of each individual. If this is so, we cannot 
fail to see that our types would very much correspond to 
the ancient classification of temperaments. The choleric 
and melancholic temperaments would be our extreme 
types—the excitable and inhibitable; the phlegmatic and 
sanguine types would very well coincide with the two 
forms of the balanced central type—calm and lively. I 
think that our classification of temperaments, as one based 
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on the most general properties of the central nervous sys- 
tem, on the characteristics and relations of both halves of 
nervous activily—excitation and inhibition, may also be 
considered the simplest and most fundamental. The follow- 
ing could also be added to the aforesaid. We must assume 
that a temperament is determined mainly by the property 
precisely of the cerebral hemispheres, since in our experi- 
ments with conditioned reflexes we always deal only with 
cortical cells. That the essential thing in the given case is 
not the special most complex unconditioned reflexes, 
usually referred to as instincts or drives, is revealed, for 
example, by the fact that the food reflex is often very 
intense in extraordinarily inhibited animals. The concep- 
tion of the predominant importance of the properties of the 
cortex for the temperaments will also have to be accepted 
for man. Considering that the subcortical centres closest 
to the hemispheres are centres of the special most complex 
unconditioned reflexes—food, active- and passive-defensive 
and others—and that their activity constitutes the physi- 
ological basis of the elementary emotions, the aggregate 
of vital functions will be determined by the character of 
the cerebral cortex which sends downward now mainly 
excitation and now inhibition, or both in their due balance. 

Having finished the report of our new factual material 
and of a number of newly arising problems of physiology 
of the cerebral hemispheres and the brain in gencral I 
should like to draw two general conclusions: one purely 
physiological and the other one applied, of genetal impor- 
tance to life. 

If we divide the whole central nervous system only in 
two halves—an afferent and efferent, I think that the 
cerebral cortex is an isolated afferent division. In this 
division alone the higher analysis and synthesis of the 
excitation reaching it take place and from here the 
ready combinations of excitations and inhibitions are 
directed into the efferent division, In other words, only 
the afferent division is active and, so to speak, creative, 
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while the efferent division is only passive and executive. 
Since the afferent and efferent divisions come into close 
contact in the spinal cord, the physiologist, during his 
investigations, is constantly under the impression of the 
combined activity of both these divisions, and, it seems to 
me, is deprived of the chance of establishing the, in many 
respects, special and full characteristic of the afferent part; 
for example, the constant and one-way course of an 
integral reflex act and special experiments on it uncom- 
monly strengthen the idea of an always one-way conduc- 
tion of the nervous process, But is this idea applicable to 
the purely afferent division? In the cerebral cortex we 
constantly happen to see the motion of both the excitatory 
and inhibitory processes in the two opposite directions. 
How are we to understand it? Is it really a two-way con- 
duction along the selfsame paths or must we assume here 
special, very complex structures for the purpose of presery- 
ing the principle of one-way conduction? 

As for my applied conclusion, I am drawing it under the 
lasting impressions of our work carried on over these many 
years. All of our, now very numerous, experiments with 
the activity of the cerebral hemispheres surprise us with 
the plastic character of this activity. Many nervous tasks 
which may at first appear entirely unaccomplishable for 
the given cerebral hemispheres, in the long run, with cau- 
tion and gradually, are satisfactorily accomplished. And 
another thing. Just think of the extent to which we must 
take into consideration the type of nervous system of 
each animal in the solution of different problems! It will 
scarcely be light-minded on my part, if I express the hope 
that the experiments with the higher nervous activity of 
animals will also furnish not a few guiding points for the 
education and self-education of man. By observing these 
experiments I have elucidated many things at least for 
myself about myself and other people. 


AN ATTEMPT OF A PHYSIOLOGIST TO DIGRESS 
INTO THE DOMAIN OF PSYCHIATRY® 


In the course of the past thirty years I, together with my 
numerous colleagues, have been predominantly engaged in 
studying the activity of the higher parts of the brain, 
mainly the cerebral hemispheres; this study has been 
carried out on the basis of a strictly objective method, the 
method of the so-called conditioned reflexes. We have col- 
lected very considerable material relating not only to the 
normal activity of the above-mentioned parts of the brain, 
but to a certain degree also to their pathology and therapy. 
We are now in a position to produce obvious experimental 
neuroses in our experimental animals (dogs) and to treat 
them; and it is not impossible, in our opinion, to produce in 
the same animals states somewhat analogous to the human 
psychoses. It was this that induced me to make closer 
acquaintance with psychiatry, of which almost no traces 
have remained in my memory since my student days in the 
medical faculty. Thanks to the kindness of my medical col- 
leagues, and especially of Prof. P. A. Ostankov and Dr. 
I. O. Narbutovich, I am now able systematically to observe 
different forms of mental disorders. Schizophrenia was the 
first disorder observed and studied by me. Here my atten- 
tion was attracted, on the one hand, by the symptoms of 
apathy, torpor, inactivity, stereotypic movements, and on 
the other hand, by playfulness, exaggerated familiarity, 
childish behaviour in general, which had not been peculiar 
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to these patients before the onset of the disease (hebephre- 
nia and catatonia). 

How can this be explained from the physiological point 
of view? Is it possible physiologically to generalise these 
phenomena and to find their common mechanism? 

For this purpose it is necessary first of all to consider 
the facts obtained by the method of conditioned reflexes. 
This study has provided us with abundant data, particularly 
relating to the inhibitory process and its physiological and 
pathological significance. 

Inhibition, which together with excitation constantly 
takes part in the diverse activity of the animal in its wake- 
ful state, also guards the extremely reactive cells of the 
organism, the cells of the cerebral cortex; it protects them 
from highly strenuous work under the action of very 
strong stimuli, or even under the prolonged repetition of 
weak stimuli; it also ensures the necessary rest for the 
cells in the form of sleep after their daily normal work. 

We have established the indubitable fact that sleep is 
inhibition, which irradiates over the hemispheres and 
descends along the brain to a certain level. Besides, we 
have been in a position to study on our animals also the 
intermediate phases between wakefulness and complete 
sleep—the hypnotic phases. These phases have been re- 
garded by us, on the one hand, as different degrees of 
extensity of inhibition, i.e., of a larger or smaller extent 
of its irradiation over various areas of the hemispheres, as 
well as over various parts of the brain, and, on the other 
hand, as different degrees of intensity of inhibition in the 
form of different depth of inhibition in one and the same 
point. It is clear that owing to the tremendous complexity 
of the human brain, the diversity of separate hypnotic 
phenomena in man is much greater than in animals. It is 
possible, however, that some hypnotic phenomena are for 
one reason or another more manifest in animals than in 
man, especially since even the manifestations of human 
hypnosis vary considerably, depending on the peculiar 
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features of the individual and the method of hypnotisation. 
And so, taking into consideration the full complex of 
symptoms of hypnosis, I shall further deal with hypnotic 
phenomena observed both in man and in our animals. 

Observing the above-mentioned schizophrenic symptoms 
I have come to the conclusion that they are an expression 
of a chronic hypnotic state which I shall try to substan- 
tiate in my further exposition. Of course, apathy, dullness, 
inactivity, etc., are not in themselves proof of the hypnotic 
state of the patients, but at the same time they will not 
conflict in any way with this conclusion, provided my 
thesis is confirmed by a further comparison of more specific 
symptoms, 

I shall first of all cite the following fact. Apathy and 
torpor are usually ascertained in a patient when he does 
not react to the questions addressed to him and gives the 
impression of being absolutely indifferent to them. Howev- 
er, if the same questions are asked not in a loud voice and 
not with the usual intensity, but in a low voice and in quiet 
surroundings, the patient reacts immediately with proper 
answers. This is a highly characteristic hypnotic phenome- 
non, to which, in my opinion, constant.and proper attention 
is not being paid. And it is to be regretted that up to now 
the clinic, as far as I know, has no special term to desig- 
nate this essential and important symptom as has been 
done with other symptoms. In our animals this symptom 
is one of the most frequent and persistent signs of the 
onset of hypnosis. In our experiments we constantly meet 
with the so-called paradoxical phase, when in the course 
of the given experiment or in one of its phases strong con- 
ditioned stimuli lose their usual action, while weak stimuli 
evoke in the animal a perfectly normal effect. In the well- 
known case of a five-year sleep, or properly speaking, 
hypnosis, described by Pierre Janet, the author made in- 
tellectual contact with his patient solely on the basis of 
this phenomenon. The patient herself emerged from the 
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hypnotic state only at night, when all the daytime stimula- 
tions ceased. 

Further phenomena of so-called negativism were ob- 
served in the analysed patients. Similarly, in our experi- 
mental animals negativism is usually in evidence at the 
onset of a hypnotic state. In the case of a food reflex when 
the conditioned stimulus is brought into action, and the 
food receptacle is placed before the dog, the latter persist- 
ently turns away from it. Not without interest is the 
following detail very clearly observed in a definite phase: 
when you begin to move the food receptacle away, the dog, 
on the contrary, reaches for it. And this is repeated sever- 
al times in succession. But the moment the state of hypno- 
sis is dissipated, the same dog devours the just rejected 
food, I shall analyse the mechanism of this, as well as 
other hypnotic symptoms, at another time; for the present 
I shall use them only as established facts constituting the 
hypnotic state. 

Another symptom of schizophrenia in one of its varia- 
tions is stereotypy—a persistent and prolonged repetition 
of definite movements. This, too, is an obvious hypnotic 
manifestation, and it is clearly observed in some of our 
dogs. When the dog is in a perfectly cheerful state, after 
being fed in the case of a conditioned food reflex, it often 
continues for a certain time to lick the anterior part of its 
body, usually the breast and the forelegs. With the onset 
of a hypnotic state the licking assumes an extremely pro- 
longed character and often lasts until the next meal. Cer- 
tain other movements, effected by the animal at one time 
or other, are repeated with similar persistence. 

Among usual phenomena observed in schizophrenics are 
the so-called echolalia and echopraxia, i.e., repetition by the 
patient of the words addressed to him by his interlocutor 
and the reproduction of gestures made by someone who 
attracts his attention. As is known, this phenomenon is 
also usual in hypnotised normal persons, and, it seems to 
me, manifests itself with particular ease and most fre- 
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quently in hypnosis evoked by passes. Catalepsy is a very 
ordinary phenomenon in schizophrenics, consisting in pro- 
longed retention by the patient of different postures, which 
are easily, i.e., without any resistance of the musculature, 
imparted to his body by another person; naturally this re- 
lates also to those postures which the patient himself as- 
sumes under the influence of certain temporarily acting 
stimuli. This, too, is a symptom very easily reproduced in 
normal persons subjected to hypnotism. 

A particularly striking, pronounced and tenacious symp- 
tom i certain schizophrenics, constituting even a special 
form of the disease, is catatonia, i.e., a state of rigidity of 
the skeletal musculature strongly resisting any change in 
the given disposition of different parts of the body. Cata- 
tonia is simply tonic reflexes, as a result of which a hypno- 
tised person can become as inflexible as a solid board. 

Finally, it is necessary to include in this group of different 
variations of central inhibition the symptom of playfulness 
or silly mannerisms, mostly observed in hebephrenics, as 
well as the outbursts of aggressive excitation, met with in 
other schizophrenics in addition to the already mentioned 
symptoms. All these phenomena closely resemble the ini- 
tial state of ordinary alcoholic intoxication, and the state 
peculiar to children and young animals, for example, pup- 
pies, when they are waking up, and especially when they 
are falling asleep. There is every reason to assume that 
these manifestations result from a developing general in- 
hibition of the cerebral hemispheres; due to this the adja- 
cent subcortex is not only liberated from constant control, 
from constant inhibition effected by the cerebral hemi- 
spheres in an alert state, but, because of the mechanism of 
positive induction, is even brought to a state of chaotic 
excitation affecting all its centres. That is why the state 
of alcoholic intoxication is accompanied now by a causeless 
and unusual playfulness and joviality, now by excessive 
sensibility and tearfulness, now by anger, and, in the case 
of children when they fall asleep, by capriciousness, Partic- 


. 229 


ularly typical is a child in the middle of the first year of its 
life just going off to sleep. You can see on its face a truly 
caleidoscopic change of diverse expressions reflecting the 
chaotic activity of the child’s primitive subcortex. Similarly 
the schizophrenic at definite stages and in definite varia- 
tions of his disease exhibits this phenomenon now in a 
protracted form, now in the form of brief outbursts. 

In view of what has been said, one can hardly doubt 
that schizophrenia, in certain of its variations and phases, 
is actually a chronic hypnosis. The fact that these varia- 
tions and phases persist for years, cannot serve as a telling 
argument against this conclusion. Since there has been a 
case of a five-year sleep (described by Pierre Janet) and 
even of a twenty-year sleep (observed in Petersburg), why 
cannot hypnosis be of an equally lasting character, espe- 
cially since the instances just mentioned must be regarded 
as states of hypnosis rather than sleep? 

What is the reason for the chronic hypnosis of schizo- 
phrenics? What is its physiological, and especially patho- 
logical, basis? How does it develop and what are its con- 
sequences? 

In the final analysis, of course, this hypnosis is profound- 
ly based on the weak nervous system, and especially the 
weakness of the cortical cells. For this weakness various 
causes, both hereditary and acquired, may be responsible. 
We shall not touch here on these causes. But naturally, 
when such a nervous system encounters difficulties, more 
often in a critical physiological and social period of life, it 
inevitably becomes exhausted after excessive excitation. 
But exhaustion is one of the chief physiological impulses 
for the appearance of inhibition in the capacity of a pro- 
tective process. Hence chronic hypnosis is inhibition in 
different degrees of extensity and intensity. Consequently, 
this state is, on the one hand, pathology, since it prevents 
the patient from normal activity, and, on the other hand, 
according to its mechanism, it is still physiology, a physi- 
ological remedy, since it protects the cortical cells from the 
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danger of being destroyed as a result of too heavy work. 
In our laboratory we have now a striking example show- 
ing how prolonged inhibition restores normal activity for 
a time to weak cortical cells. There are reasons to assume 
that as long as the inhibitory process operates, the cortical 
cells are not gravely damaged, their full return to normal 
is still possible, they can recover from excessive exhaustion 
and their pathological process remains reversible. Using 
modern terminology, it is only a functional disease. That 
this is really the case, is proved by the following fact. 
According to Kraepelin, a leading psychiatrist, of all the 
forms of schizophrenia the hebephrenic, and especially the 
catatonic form—which is of a particularly pronounced 
hypnotic character—show the highest rate of complete 
recovery (catatonics—up to 15 per cent), which is not 
observed in other forms, especially the paranoic one. 

In conclusion I take the liberty of offering therapeutic 
advice more of a practical than sentimental character. 
Although enormous progress has been made since olden 
times up to our day in the treatment of the mentally ill, 
still, I think, something remains to be desired in this re- 
spect. To keep patients, already possessing a certain degree 
of self-consciousness, together with other, irresponsible 
patients, who may subject them, on the one hand, to strong 
stimulations in the form of screams and extraordinary 
scenes, and, on the other hand, to direct violence, in most 
cases, means creating conditions which to a still greater 
extent enfeeble the already weak cortical cells. Moreover, 
the violation of the patient’s human rights, of which he is 
already conscious and which partly consists in restriction 
of his freedom, and partly in the fact that the attendants and 
medical personnel naturally and almost inevitably regard 
him as an irresponsible person, cannot but strike further 
heavy blows at the weak cells. Consequently, it is necessary 
as quickly and as timely as possible to place such mentally 
diseased in the position of patients suffering from other 
illnesses which do not offend human dignity so manifestly. 
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PHYSIOLOGY OF THE HYPNOTIC STATE 
OF THE DOG“ 


(Jointly with Dr. M. K. Petrova) 


Besides the usual classical method of hypnotising animals 
(laying the animal on its back and keeping it for some time 
in this unnatural position), which results in a hypnotic 
state manifesting itself in catalepsy, our laboratories were 
able, in the course of their research into the normal activity 
of the higher parts of the brain, to study in more detail the 
diverse and very delicate manifestations of the hypnotic 
state, As already established by us, the basic condition 
required for the development of this state is a prolonged 
action of monotonous stimuli, which finally bring the cor- 
responding cortical cells to a state of inhibition. This 
inhibition, on the one hand, is of different degrees of inten- 
sity, and on the other hand, spreads to a greater or lesser 
extent over the cerebral cortex and further down the 
brain. Corresponding facts were cited in a book published 
by one of us, (I. P. Pavlov, Lectures on the Work of the 
Cerebral Hemispheres.) 

But subsequent observations revealed a greater variety 
of symptoms of the hypnotic state, its more and more deli- 
cate gradations, which hardly differ from the wakeful state, 
and its ever-increasing mobility depending on the slight- 
est changes in the surroundings, on insignificant modifica- 
tions in the external stimuli acting upon the animal. 

In the present article we shall deal with the phenomena 
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observed by us in two dogs. Previously they were used by 
one of us (M. K. Petrova) for studying the various condi- 
tioned reflexes, but now they constantly fall into a hypnotic 
state the moment they are placed in our usual experimental 
conditions and respectively equipped. 

Long ago in the works which originated in our labora- 
tories it was repeatedly pointed out that in the case of 
conditioned food reflexes there takes place a dissociation 
of the salivary secretion and the food motor reaction when 
the dog falls into a sleeping state. It usually happened that 
our artificial conditioned stimuli or more often the natural 
stimulation (which, as has been proved, is also conditioned) 
produced by the sight and odour of food, evoked a profuse 
secretion of saliva, although the animal did not take the 
food. It was in this state of the animal that very diverse 
and highly interesting variations of the food motor reac- 
tion were manifested in the course of our observations. 
These variations, which apparently represent different de- 
grees of intensity of hypnosis, were now predominantly 
observed in one animal, now in another. One of the dogs, 
which was usually in a less profound hypnotic state, dis- 
tinctly exhibited what in mental diseases is called negativ- 
ism. After a conditioned stimulation applied during a cer- 
tain period of time we put food before the dog; the latter 
turns away from the food receptacle. But when we begin 
to move the receptacle away, the dog makes a movement 
in its direction. We present the receptacle anew; the dog 
again turns away from it. We move it away, and the dog 
turns towards it once more. We have termed the reaction 
of turning away from the food receptacle negative, or the 
first phase of negativism, and the movement towards the 
food receptacle—positive, or the second phase. This nega- 
tivism may recur many times until the animal at last 
partakés of the food, which happens in most cases, The 
degree of hypnosis is expressed precisely by the number 
of repetitions of this procedure. At the beginning of the 
hypnotic state the food is taken and eaten by the dog after 
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the second offering, When the hypnotic state becomes more 
profound, both phases of negativism recur more and more 
often. When hypnosis reaches the highest degree, the dog 
rejects the food, no matter how many times it is offered. 
But as soon as the hypnotic state is dissipated in this or 
that way-—-for example, by removing the apparatus at- 
tached to the dog for the purpose of collecting the saliva, or 
by loosening the chain which is attached to the dog and 
which during the experiment is fastened to the upper cross- 
bar of the stand, or by some other means—the dog imme- 
diately begins to devour the food. 

In the other dog the food motor reaction during hypnosis 
assumed an even more complicated form. In one of the 
more pronounced cases the phenomena developed in the 
following sequence. Under the action of our conditioned 
stimuli (usually to the end of their isolated action) the dog, 
if it was in a sitting posture, rose to its feet, if standing, it 
turned its body in the direction whence the food was 
usually presented to it. But when food was offered, it 
turned its head away from it, thus exhibiting the first 
phase of negativism. Then the food receptacle was moved 
away, and the animal, on the contrary, turned the head 
towards it and followed it with its eyes; thus the second 
phase appeared. After some manifestations of this negativ- 
ism the dog at last brought its mouth close to the food, 
but was unable to take it. As if with great difficulty it 
began, little by little and repeatedly, to open and to close 
its mouth, but to no purpose—it did not take the food 
(abortive movements). Afterwards, it began to move its jaws 
with greater ease, took the food, at first in small portions, 
finally opening its mouth wide and swallowing rapidly 
without interruption. Thus, in this hypnotic phase we must 
distinguish three different states in three parts of the skel- 
etal musculature relating to the process of eating: strong 
inhibition, immobility of the muscles directly participating 
in the process of eating (the masticatory and lingual 
muscles); considerable mobility, but of a periodic character, 
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in the form of a negativism of the cervical musculature; 
and finally, normal activity of the remaining musculature 
of the body. The more profound the hypnotic state, the 
more immobile and inhibited is the direct musculature: the 
tongue is put out as if paralysed, the jaws are absolutely 
motionless. In the cervical muscles only the first phase of 
negativism is manifested. Then the movements of the head 
cease completely, and only the trunk still turns under the 
influence of conditioned stimuli. Finally, when the hypnotic 
state becomes still more profound, this last motor reaction 
to the conditioned stimuli, as well as to food, also disap- 
pears. All these phenomena can be dissipated, abolished 
instantaneously by the same methods which have been 
described in the case of the first dog. 

Concerning the food motor reaction in our cases, the 
following should be added. Any slight change in the usual 
appearance of the food, and even in the manner of presen- 
tation leads to conversion of the negative motor reaction 
into a positive one; in other words, the dog eats the food 
which it has just rejected. For example, we offer the dog 
slightly moistened and evenly spread powder of dried meat 
and bread in an ordinary cup. The dog refuses it. But if 
the same powder is presented partly in the form of a 
lump protruding from the cup, the dog seizes it greedily 
and then begins to eat the rest of the powder. A positive 
reaction can be also obtained if the powder is offered to 
the dog on a small plate or on a piece of paper. It takes 
the food also from the experimenter’s hand instead of 
from the cup. Finally, sometimes, after the conditioned 
stimulation, it begins to lick up the powder spilled on the 
floor, although when offered in the cup, it refused it. 

Along with these motor phenomena relating to the proc- 
ess of eating there were manifested in the course of our 
observations on the hypnotic state other specific motor 
reactions worth noting. Many dogs, after partaking of their 
small portion of food and being in an alert state, for a 
time lick their forepaws and breast. In the hypnotic state 
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the licking usually assumes a protracted character; in the 
case of one of our dogs in question it soon passes into a 
peculiar form. The dog licks the forepaw and wets it with 
saliva, especially the flesh of the toes; then it brings the 
forepaw close to the apparatus attached to the salivary 
fistula and passes the toes over it—a gesture it repeats 
many times if not stopped. In the alert state the same dog 
did not do this. Somé dogs in the alert state struggle 
against the apparatus only when it is first attached to 
them, afterwards they get used and pay no attention to it. 
We can rightfully suppose that our dog exhibited in the 
hypnotic state one of the specific defensive reflexes. When 
a dog has a wound on a part of the skin within reach of its 
tongue, it repeatedly cleans it with saliva, or, as’ we say, 
licks it (the auto-curative reflex). Apparently in this partic- 
ular case the irritation evoked by the hardened cement, 
by means of which the apparatus is attached to the skin, 
is responsible for the manifestation of the reflex; and since 
the point of irritation is not accessible to the tongue, the 
latter is replaced by the toes of the forepaw. 

Many of the above-described variations of the food 
motor reaction usually take place during one and the same 
experiment and rapidly supersede one another. This 
variability, this mobility of the hypnotic state, is also seen 
in other phenomena. We shall cite a few more cases illus- 
trating the fluctuation of the hypnotic state and the 
modification of the effect of the conditioned stimulus, 
already described and reproduced by us, or noted for the 
first time in the course of our observations and experiments 
on dogs. These fluctuations and modifications are either 
due to causes still unknown or are related to definite con- 
ditions. 

I repeat that, if the dog is susceptible to hypnotisation 
under experimental conditions, the hypnotic state usually 
develops immediately after the dog is placed in the stand, 
and sometimes the very moment it crosses the threshold 
of the experimental chamber. With the progress of the 
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experiment this state grows continuously and gradually, 
provided it is not dissipated by certain new conditions. 

Let us consider first of allethe dissociation of the secre- 
tory and motor reactions of the food reflex.46 This dissoci- 
ation often assumes the form of, so to speak, reciprocal 
antagonism. In some cases the stimulation evokes a secre- 
tion of saliva in the absence of any motor reaction, i.e., the 
dog, as mentioned above, does not take the food. In other 
cases, on the contrary, the dog rapidly seizes the food and 
eats it with avidity, but there is no salivary secretion in 
response to well-elaborated conditioned stimuli. 

Here is the example of one of our dogs—‘“Bek”. The 
experiment took the following course during two days in 
succession. 

April 17, 1930 


Conditioned Secretion of saliva Food motor reaction 
stimulus in drops during 
30 sec. 
Rattle-box 15 Negativism, then takes 
food 
Bell 15 Abortive movements; 
rejects food for a long 
time 


April 18, 1930 


Conditioned Secretion of saliva Food motor reaction 
stimulus in drops during 
30 sec. 
Rattle-box l Takes food at once, but 
eats inertly 
Bell 0 Takes food at once and 


eats with 1elish 


Sometimes these, as it were, antagonistic relations be- 
tween the secretory and motor food reactions rapidly inter- 
change in the course of the experiment. 
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This can be illustrated by an experiment performed on 
another dog—‘John”’: 


April 12, 1930 
Beginning of the Experiment 


Conditioned Secretion of saliva Food moto: reaction 
stimulus in drops during 
30 sec 
Rattle-box 5 Negativism 
Bell 0 Takes food at once 


In the early works that originated in our laboratories it 
was frequently stated that a well-elaborated inhibitory 
stimulus, usually a differential one, can modify the hyp- 
notic state in two opposite directions—either intensifying, 
or weakening it. The same thing was often observed by us 
in the above-mentioned animals in their state of hypnosis. 

Finally, it should be pointed out that among our usual 
conditioned strong stimuli a particularly powerful condi- 
tioned stimulus often eliminates or weakens the hypnotic 
state whereas stimuli of usual strength either leave it 
unchanged or even reinforce it. 

Here is an example connected with the experiment per- 
formed on the above-mentioned “Bek’’, the beginning of 
which has been described above. When the experiment was 
continued and a differentiation applied, the conditioned 
stimuli of medium strength—the rattle-box, the gurgle of 
water and the bell—did not produce any secretory effect, 
and the dog, while making abortive masticatory move- 
ments, did not take food for a long time. A strong crackl- 
ing sound which is a very powerful conditioned stimulus, 
evoked a secretion of saliva, and after a short period of 
negativism the dog took the food. 
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April 17, 1980 


Conditioned Secretion of saliva Food motor reaction 
stymulus in drops in 
30 sec. 
Rattle box 0 Does not take food for 
a long time 
Gurgling sound 0) Same 
Strong crackling % 5 Negativism of short 
sound duration 
Bell 0 Does not take food for 
a long time 


How should the physiological mechanism of the above- 
mentioned phenomena be interpreted and understood? It is 
evident that at the present level of our knowledge in the 
field of the physiology of the higher parts of the brain it 
would be an extreme pretension, incompatible with the 
real state of affairs, to try to give a well-grounded and 
clear answer to all questions which may arise in this con- 
nection. However, we must constantly attempt to explain 
particular phenomena by the more general properties of 
the activity of the higher parts of the brain, to effect new 
variations of experiments that would ensure a closer 
approach to the comprehension of the extremely complex 
relations of reality which exist in the given case. 

The difficulty which we meet when attempting to 
elucidate the mechanism of the above-mentioned phenom- 
ena observed in the hypnotic state, is that under stimula- 
tions, undoubtedly reaching the cerebral cells, we often do 
not know what in the ensuing nervous activity should be 
attributed to the cerebral hemispheres and what to the 
lower levels, the lower parts of the brain and even the 
spinal cord. In the course of the philogenic development 
of the central nervous system the nervous combinative 
systems, in the form of definite, so-called reflex centres, 
becoming more and more complex, steadily moved closer 
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to the brain end; they effected an increasing analysis and 
synthesis of the stimulating agents due to the augmenting 
complexity of the organism and the growth of its relations 
with the external environment in ever-widening .areas. 
Thus, along with a more or less stereotypic nervous activ- 
ity, and with ready complexes of physiological functions, 
called forth by a limited number of elementary stimula- 
tions, there gradually developed the higher nervous activi- 
ty dealing with an ever-increasing number of conditions, 
of complex, and besides, variable, stimulations. Then a very 
complicated problem arises before the investigator, the 
problem of the connection and of the forms of this con- 
nection between different levels of the nervous system, As 
to our first problem concerning the dissociation of the 
secretory and motor reactions of our conditioned food 
reflex, it is necessary to establish what in this reflex should 
be ascribed to the cortex and what to the adjacent subcor- 
tex, or, in ordinary terminology, what in this process is of 
a voluntary and what is of a reflex character. To be still 
more exact, it is necessary to know whether in the con- 
ditioned food reflex the secretory and motor components 
equally depend,on the cortex, or whether there is a differ- 
ence between them in this respect. Does not the motor 
component predominantly depend on the cortex, and the 
secretory component on the subcortex? 

Let us turn to the well-known facts. 

Proceeding from the phenomena of human hypnosis we 
must admit that in the cerebral cortex along with a gran- 
diose representation of the external world effected through 
the afferent fibres (an indispensable condition for the high- 
est regulation of functions) there is also a vast represen- 
tation of the organism’s internal world,*’ i.e., of the states 
and functioning of numerous organs, tissues and internal 
organic processes. In this respect particularly convincing 
are the facts pertaining to the so-called phantom, self- 
suggested pregnancy. Numerous processes relating to the 
activity of passive tissues, such as the adipose one, arise 
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and become intensified under the influence of the cerebral 
hemispheres. But it is clear that these two kinds of repre- 
sentation differ greatly 1n degree. Whereas the representa- 
tion of the skeletal musculature is highly delicate and 
detailed, perhaps being equal in these respects to the 
representation of such external energies as sound and 
light, the representation of other internal processes lags 
considerably. This is probably due to the slight practical 
significance of the representation. In any case, it is a con- 
stant physiological fact. And this, apparently, makes it 
possible to distinguish between the voluntary and involun- 
tary functions of the organism, the former including only 
the activity of the skeletal musculature. This voluntariness 
signifies that the work of the skeletal musculature is, above 
all, determined by its cortical representation, by the motor 
region of the cortex (the motor analyser, in our terminol- 
ogy) which is directly connected with all the external 
analysers; in other words, in its orientations it is always 
determined by the analytical and synthetical work of these 
analysers. 

Proceeding from these facts, we can present the mecha- 
nism responsible for the elaboration of our conditional 
food reflex in the following way. On the one hand, this is 
a union between the cortical points of application of the 
conditioned stimuli and the food reflex centre of the 
adjacent subcortex with all its particular functions; on the 
other hand, it is a closer connection of the same points 
with the corresponding parts of the motor analyser, i.e., 
those which participate in the process of eating, Then the 
dissociation of the secretory and motor components of the 
alimentary process taking place in the course of hypnoti- 
sation might be interpreted as follows. The hypnotisation 
evokes a state of the cortex when the motor analyser is 
inhibited, while all the other analysers are free. The lalter 
evoke a reflex on the alimentary centre of the subcortex 
with all its functions, while the inhibition of the motor 
analyser, so to say, by direct communication, excludes the 
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motor component from this reflex, thereby bringing the 
terminal points of movement, the cells of the anterior 
horns, to a state of inactivity. Thus, in the alimentary 
process only the secretory reaction remains manifest. 

Here is the reverse case. An artificial conditioned stimu- 
lus does not produce a secretion of saliva, but a motor 
reaction is in evidence—the dog takes the food at once. 
Now this can be easily explained. This must be a weak 
inhibition of the entire cortex, and an artificial stimulation 
alone is not sufficient to dissipate it; only with the presen- 
tation of food, when the artificial conditioned stimulus is 
supplemented by natural stimuli (the sight and odour of 
food, which in themselves are even stronger than artificial 
stimuli), does there arise a complete reflex with both 
components. 

But there is one more phenomenon which was observed 
by us in the course of other experiments in our laborato- 
ries and which manifested itself outside the hypnotic state: 
it would be opportune to analyse this phenomenon in the 
light of our present explanations. The dog eats the food, 
but no secretion of saliva is observed for ten or twenty 
seconds. This is undoubtedly due to the development of 
inhibition deliberately induced in the cortex by means of 
artificial conditioned stimuli for definite periods of time. 
How is this phenomenon to be interpreted? What mecha- 
nism is responsible for it? It must be assumed that an 
intense inhibition develops from the points of application 
of the artificial conditioned stimuli and spreads over the 
entire subcortical alimentary centre with both of its prin- 
cipal components—secretory and motor—as well as over 
the corresponding part of the cortical motor analyser. The 
moment food is presented, there arises at the points of 
application of the strongest natural conditioned stimuli, 
which have not participated in developing inhibition, an 
excitation rapidly affecting the alimentary region of the 
motor analyser; the latter is more labile in comparison 
with the subcortical centre, where the inhibition dissipates 
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only if the motor effect of the unconditioned stimulus is 
more pronounced. One might draw a certain analogy be- 
tween this phenomenon and the deliberate, volitional intro- 
duction of food into the mouth, its mastication and inges- 
tion, in the absence of any trace of appetite. 

However, it can, of course, be assumed (there are suf- 
ficient grounds for this) that the conditioned connection 
with the salivary secretion is likewise effected in the cortex 
through the cortical representation of the salivary glands, 
and if so, all the cases of dissociation of the secretory and 
motor reactions can be attributed to a different localisation 
of inhibition at the onset of the hypnotic state and in the 
course of its development. 

Another hypnotic phenomenon whose physiological 
mechanism must be elucidated by us is negativism. This, 
obviously, is a manifestation of inhibition, since it is a 
phasic phenomenon which gradually ends in sleep. Like- 
wise, there is no doubt that it is a cortical localised in- 
hibition because the salivary reaction accompanying it 
reveals a conditioned, i.e, cortical character. Con- 
sequently, it is natural to conclude that this is a motor’ 
inhibition related to the motor region of the cortex, to the 
motor analyser. But how is this form of inhibition to be 
explained? Why does the negative phase of the motor 
action appear first and the positive one next? What causes 
the change? It seems to us that this can be easily explained 
by more general, already known facts. When the hypnotic, 
inhibitory state sets in, the cortical cells become, as it 
were, weaker and less efficient—the maximum limit of 
their possible excitability diminishes. This is the so-called 
paradoxical phase, when a strong stimulus usually turns 
into a super-powerful one and may evoke not excitation, 
but inhibition, or it may strengthen the latter. We must 
also assume that a movement proceeding from the motor 
analyser, as is generally the case, consists of two opposite 
innervations—positive and negative, a movement towards 
the object and a movement from the object, which is simi- 
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lar to the relations of the flexors and extensors in the limbs. 
The negativisim may be then explained in the following 
way. A conditioned stimulus, slightly inhibited or not 
inhibited at all, directs a stimulation from the cortex to a 
corresponding positive innervating point of the motor 
region which is in a paradoxical state due to a certain 
degree of hypnotisation. That is why the stimulation does 
not excite the above-mentioned point, but intensifies its 
inhibition, Then, this extraordinary local inhibition, in 
accordance with the law of reciprocal induction, excites 
the negative point which is closely associated with the 
positive one. Hence the first negative phase of negativism. 
When the stimulus is removed, the extraordinarily inhibit- 
ed positive point, by virtue of internal reciprocal induction, 
immediately becomes excited itself; at the same time the 
negative point, excited by the induction, at once passes 
into a state of extraordinary inhibition and in its turn posi- 
tively induces the positive point. Thus, after its first extra- 
ordinary inhibition the positive point undergoes, so to 
speak, a double excitation. In accordance with this, if the 
hypnotic state does not deepen, the positive phase usually 
takes the upper hand after a single or repeated presenta- 
tion and removal of the food—the dog begins to take it. 
We observe, then, a highly labile state of the cellular activ- 
ity which is one of the properties of the transitional phase. 
This is proved by the further course of developments. If the 
hypnotic state deepens, there remains only the negative 
phase; reverse induction becomes impossible, and no exci- 
tation of the motor innervating apparatus is observed at all. 

Approximately in this period of the conditioned food 
motor reaction under hypnosis there is manifested one of the 
conditions for a fragmentary localisation of hypnogenous 
inhibition in the cortex. One of our dogs, as shown in the 
descriptive part of this article, exhibited a very interesting 
and peculiar phenomenon (already mentioned by one of us 
in a previous article’’), This relates to a definite sequence 
of inhibition in the adjacent zones of the motor region. The 
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sequence can be explained by the fact that the inhibition 
embraces first of all those regions whose activity was most 
intense before the onset of the hypnotic state. Since in the 
repeated process of eating the masticatory and lingual 
muscles worked most of all, then the cervical muscles, 
and finally the muscles of the trunk, the inhibition manifest. 
ed itself in the same sequence. 

The interesting phenomenon of a positive excitatory in- 
fluence exerted in the course of hypnotisation by the 
slightest change in the appearance of the food and in the 
manner of its presentation, is likewise accounted for by 
the general property of the cortical activity already known 
to us. It was established in our laboratory long ago (by Dr. 
Y. V. Volborth) that there is a conditioned inhibition of the 
second order, just as there is a conditioned excitation of 
the second order. The phenomenon is as follows. If an 
indifferent stimulus repeatedly coincides in time with an 
elaborated inhibitory process (for example, in the course 
of a differentiation), then it soon becomes an inhibitory 
agent itself. It is then easily understood why everything 
acting on the cerebral hemispheres during the state of 
hypnosis (which in itself is a certain degree of inhibition) 
acquires an inhibitory character. Hence, it is sometimes 
sufficient to bring the dog into the experimental chamber 
to evoke in it a hypnotic state. Any new stimuli, even very 
insignificant ones, naturally do not produce this inhibitory 
effect, and consequently, evoke positive cortical activity. 

The auto-curative reflex mentioned in the descriptive 
part of this article is simply one of the subcortical reflexes 
manifested in the state of hypnosis after short feeding. The 
process of eating, with all its exciting components, acts on 
the more or less hypnotised cortex as a strong stimulus 
and entails an intensification of cortical inhibition. A posi- 
tive induction then proceeds from the cortex to the subcor- 
tical centres, which are now under the action of the ultra- 
weak stimuli or traces of former strong stimuli. The animal 
begins to sneeze, to scratch itself, etc., which was not ob- 


245 


served in the alert state. Of a similar nature was the exper- 
imental case with a dog whose state resembled a war- 
time neurosis; this case is described and analysed in the 
present volume of Collected Papers.“ 

As to the effect of differentiations, i.e, of conditioned 
inhibitory stimuli, we have long known that their influ- 
ence on diffused inhibition is of a twofold, contrasting char- 
acter. In the case of a very feeble, diffused cortical in- 
hibition, of a weak hypnotic intensity, the well-elaborated 
inhibitory stimulus concentrates the diffused inhibition to 
a greater or lesser degree and in doing so either fully 
abolishes the hypnotic state or weakens it. On the contra- 
ry, in the case of a strong inhibitory tonus of the cortex, 
the same stimulus intensifies the inhibition, as it were, by 
its summation with the existing inhibition. Consequently, 
the result is determined by the relations of intensity. 

Let us, finally, consider the last experiment cited by us 
in the descriptive part of this article, when an extremely 
strong stimulus, contrary to stimuli of moderate strength 
and to weak stimuli, instead of intensifying the inhibition, 
often produced a positive action. The latter can be explained 
by the direct influence of the extremely strong stimulus 
on the subcortex; the intense subcortical excitation is com- 
municated to the cortex, thus dissipating or weakening the 
inhibitory process in it. A special experimental method 
applied by us proves the correctness of this interpretation, 
When the monotonous experimental surroundings begin to 
have a hypnotising effect on some of our animals, we, 
incidentally, counteract it by increasing their alimentary 
excitability by means of a certain diminution of their daily 
food ration. And naturally this increase of alimentary exci- 
tability must be located in the subcortical alimentary 
centre. 


ON NEUROSES IN MAN AND ANIMALS® 


The Journal of Nervous and Mental Disease, vol. 70, 
printed Dr. P. Schilder’s article entitled “‘The Somatic Basis 
of the Neurosis” in which the author admits that what I 
and my associates have called a neurosis in our experi- 
mental animals (dogs) studied by the conditioned reflex 
method ‘“‘comprises all the phenomena of neuroses’. This 
admission by a competent person is, of course, very valu- 
able for us. But I must resolutely object to what the author 
goes on to say about the comparative studies of these 
neuroses in man and animals. The article contains the fol- 
lowing passage: “These important experiments of Pavlov 
and his school (on neuroses) can be understood only if we 
look upon them in the light of our experiences in neuroses. 
We cannot interpret the neurosis by means of the condi- 
tioned reflex, but by means of the psychic mechanism we 
have studied in the neurosis, we can certainly very well 
interpret what takes place in a conditioned reflex.” 

What should we understand—and what does everybody 
usually understand—by the words “interpretation” or 
“understanding” of phenomena? Reduction of more com- 
plex phenomena to more elementary, simple phenomena. It 
follows that also in the given case of neuroses in man they 
must be interpreted, understood, i.e., analysed with the 
help of neuroses in animals as the naturally more simple, 
and not vice versa. 

In the case of man we must first of all determine exact- 
ly what the deviations in behaviour are from the normal 
in the given case. Indeed, normal behaviour is also extraor- 
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dinarily diverse in various people, Then we must find togeth- 
er with the patient or despite the patient, or even against 
his resistance, amid the chaos of life’s relations, the con- 
ditions and circumstances which acted at once or gradually 
and with which the origin of the pathologic deviation, the 
origin of the neurosis may be justly connected. Moreover, 
we must understand why these conditions and circumstances 
produced such a result in our patient and left another 
person entirely unaffected. And what is more, why they 
have led to this pathological complex in one person and to 
an entirely different complex in another person. I am tak- 
ing only the main, so to speak, group questions, omitting 
the enormous variety of more particular questions. Do we 
always have quite satisfactory answers to these questions? 

But this is only part of the matter, if we want its com- 
plete, deep analysis. Of course, the deviations in the behav- 
iour of our patient have come into play on his nervous 
apparatus. Who will now contest this? We must therefore 
still answer the following questions: What deviations from 
the normal processes in his nervous system have occurred 
under the aforesaid conditions, and how and why have they 
occurred? Are not all these demands real? Where are these 
demands satisfied? 

And what do we have in the dog? 

To begin with, we see that neuroses can be obtained 
without difficulty only in an animal in which there is nor- 
mally no requisite balance between the elementary phe- 
nomena of nervous activity, as yet inaccessible to further 
physiological analysis, between the processes of excitation 
and inhibition. It is either in the animal in which the excita- 
tory process greatly predominates over the inhibitory proc- 
ess so that the animal cannot fully inhibit its activity when 
this is required by the conditions of life (excitable type), 
or in another animal in which, on the contrary, the excita- 
tory process is so weak that it is frequently inhibited out 
of measure and at variance with the requirements of life 
(inhibitable type). 
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Furthermore, we know on the same experimental animal 
precisely that this inadequate balance, characteristic of 
the given animals normally, is definitely disturbed under 
certain, elementary conditions. There are mainly three 
conditions, three cases. Either we apply extraordinarily 
strong stimuli, as conditioned stimuli, instead of weak and 
moderate ones, which determine the usual activity of the 
animal, i.e., we overstrain its excitatory process, or we 
require of the animal now very strong and now very pro- 
tracted inhibition, i.e., we overstrain its inhibitory process, 
or, lastly, we collide these two processes, i.e., apply our 
conditioned positive and negative stimuli directly after 
each other. A chronic disorder of higher nervous activity 
—neurosis—occurs in the corresponding animals in all 
these cases. Our excitable type almost completely loses its 
ability to inhibit anything and becomes generally uncom- 
monly excited; the inhibitable type, being hungry, refuses 
even to eat during application of our conditioned stimuli 
and becomes generally extraordinarily uneasy and at the 
same time passive during the slightest variations in the 
environment. 

It can be assumed with all probability that if these sick 
dogs could observe themselves and could tell us what they 
experienced during that time, they would not have any- 
thing to add to what we would assume for them in their 
condition. They would all say that in all the afore-mentioned 
cases they experienced a difficult, distressing state. Then 
some of them would say that after that they were fre- 
quently unable to refrain from doing what they were not 
allowed to do and for what they were punished anyway, 
while others would say that they were either altogether 
unable to do what they generally had to do, or could not 
do it calmly. 

Thus, what we obtained on our animals are elementary 
physiological phenomena, the limit (at the present state of 
our knowledge) of physiological analysis. At the same time 
this would be the very last, deepest basis of the human 
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neurosis and would serve for its most appropriate inter- 
pretation, its understanding. 

It follows that in the case of man with the complexity 
of his life’s situation and multiformity of his reactions to 
it we are always faced, for the purpose of analysis, as well] 
as cure, with a very difficult question: What life’s circum- 
stances were too intense for the given nervous system, 
where and when did the requirements of activity and re- 
quirements of inhibiting the activity collide beyond the 
endurance of this nervous system? 

Then how, according to Dr. Schilder, could the innumer- 
able experiences of the neurotic, considering the extraor- 
dinary complexity of human higher nervous activity, 
compared with that of the dog, yield anything useful for 
the explanation of the elementary animal neurosis, when 
they themselves were only different variations of the same 
physiological processes so vividly observed in the dog? 

Of course, we still have a number of unanswered ques- 
tions for further physiological analysis of the problem of 
neuroses and psychoses. Can neuroses also be produced in 
balanced nervous systems? Is the initial unbalance of the 
nervous system a primary phenomenon, i.e., an inborn 
property of the very nervous tissue, or a Secondary phenom- 
enon, depending on some inborn peculiarities of the other 
systems of the organism, besides the nervous system? Are 
there perhaps, in addition to the inborn property of the 
nervous system, also other factors in the organism which 
determine the particular degree of normal functioning of 
this system? 

We are now studying some of these questions and 
already have some material with which to answer them. 

It stands to reason that, in addition to these particular 
questions concerning the general problem of disorders of 
normal] nervous activity, the physiologist continues to be 
faced with the question of the physico-chemical mechanism 
of the most elementary nervous processes: excitation and 
inhibition, their interrelations and overstrain. 


EXPERIMENTAL NEUROSES5! 


I am reporting the results of the work done by me 
jointly with my collaborators. At the present time we have 
a good deal of material and now I can cite from it but very 
little and in general outline. 

By neuroses we imply chronic (continuing for weeks, 
months and even years) deviations in higher nervous 
activity from normal. For us higher nervous activity is 
manifested mainly in the system of conditioned positive 
and negative reflexes to all manner of stimuli and, partly 
(to a slight extent), in the general behaviour of our animals 
(dogs). 

Until now the neuroses were engendered in our animals 
by the following factors: firstly, excessively strong or 
excessively complex stimuli; secondly, overstrain of the 
inhibitory process; thirdly, a clash (direct succession) of 
the two antagonistic nervous processes, and lastly (fourth- 
ly), castration. 

The neuroses were manifested in a weakening of both 
processes separately or together, in chaotic nervous activ- 
ity, and in different phases of the hypnotic state, Various 
combinations of these symptoms represented very definite 
pictures of diseases. 

The essential thing here was the following. Whether the 
disease develops or not, whether it is manifested in one 
form or another, depends on the type of the given animal’s 
nervous system. 
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On the basis of our investigations we had to establish 
three main types. The central, ideal, truly normal type, in 
which both antagonistic nervous processes are balanced. 
We found this type in two variations: calm, sedate animals 
and, on the other hand, contrariwise, very lively mobile 
animals. The two others are extreme types: one is strong, 
in all probability too strong, but not entirely normal, 
however, because it has a relatively weak inhibitory proc- 
ess; the other is a weak type in which both processes are 
weak, especially, the inhibitory process. It seems to 
me that our classification of the types of nervous systems 
most fully coincides with Hippocrates’ classical classifica- 
tion of temperaments, 

For the sake of brevity and by way of example I shall 
cite in somewhat greater detail only our latest experiments 
(Dr. M. Petrova’s) on castrated animals. 

Under usual conditions the disease was observed after 
castration in animals of the central type only for a period 
of a month; subsequently the animal behaved normally. 
Only during increased excitability was it possible to estab- 
lish a constantly diminishing efficiency of the cortical 
cells, whereas in cases of conditioned food reflexes it was 
easy te modify the excitability by different degrees of 
hunger. 

In the weaker type the clearly pathological state follow- 
ing castration lasted for many months, up to one year and 
more, and improved but gradually. These animals were 
very intensely affected by the regular suspension of our 
experiments or administration of bromides, which tempo- 
rarily restored the animal to normal. During the usual 
daily work the conditioned reflexes were chaotic, Three- 
day intervals between the experiments conditioned an 
entirely normal functioning of the reflexes. This fact made 
it perfectly obvious that each of our experiments was 
serious nervous work, Administration of bromides restored 
and retained normal activity also during the daily experi- 
ments. 
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The following circumstance was quite unexpected and 
very peculiar. Rather strong types usually manifested 
immediately after castration diminished efficiency of the 
nervous system: the positive conditioned reflexes dimin- 
ished. The contrary was observed in the weak type, The 
conditioned reflexes became intensified for several weeks 
after castration, Extreme weakness of the cortical cells 
occurred later, and in this case administration of bromides 
did not improve the situation but made it worse. This pecu- 
liar fact can also be satisfactorily accounted for, but I am 
in no position to dwell on the details now. 

I must finish my report. 

To draw a serious analogy between the neurotic states 
in our dogs and the different neuroses in man, is a task we, 
physiologists, who are not thoroughly familiar with human 
neuropathology can scarcely cope with. But Iam convinced, 
however, that the solution or an essential approximation 
to the solution of many important questions of the etiolo- 
gy, natural systematisation, mechanism, and, lastly, treat- 
ment of human neuroses are in the hands of the experi- 
menter on animals.* 


* Some of these points, it seems to me, have now received 
special clinical confirmation. 

By artificially producing in our dogs a deviation in higher nerv- 
ous activity from the normal, we observed in dogs of different 
types of nervous system two different forms of nervous disease, {wo 
different neuroses, resulting from the same procedures—difficult 
nervous tasks, 

In an excitable (and at the same time strong) dog the neurosis 
consisted in an almost complete disappearance of the inhibitory 
reflexes, i.e., extraordinary weakening, almost to zero, of the inhib- 
itory process. In another, inhibitable (and at the same time weak) 
dog all the positive conditioned reflexes disappeared and the dog 
was reduced to a very sluggish and, in our situation, sleepy state. 
At the same time the neurosis of the first dog quickly responded to 
bromides and was radically cured. In the other dog the same dose 
of bromides rather changed the state of affairs for the worse, and 
the dog recovered very slowly only through a very long rest, i.e., 
suspension of our experiinents with conditioned reflexes. 
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The main aim of my participation in this Congress is 
therefore fervently to advise neuropathologists to work 
with normal and pathological conditioned reflexes. 


Unfamiliar with the clinical aspects of neuroses we, at first 
erroneously, although guided by certain considerations, named the 
neurosis of the first dog neurasthenia and that of the second dog— 
hysteria. Of late we have found it more fitting to name the neurosis 
of the first dog hypersthenia and to retain the designation of neuras- 
thenia for the neurosis of the second dog, assigning, perhaps more 
accurately the term hysteria to other disorders of the nervous 
system which we now discover in our experiments as a result of 
other causes. 

At the International Neurological Congress, which just took 
place and at which this report was made, Dr. Szondi arrived at the 
conclusion in his report that the present clinical form of neuras- 
thenia must be divided into two different neuroses corresponding to 
two opposite constitutions and very much coinciding, in my opinion, 
with the neuroses I have briefly described above. 


ESSAY ON THE PITYSIOLOGICAL CONCEPT 
OF THE SYMPTOMATOLOGY OF HYSTERIA 


To my dear comrade Alexei Vasilyevich 
Martynoy, in honour of his forty years of 
brilliant scientific, pedagogic and practical 
work, 

The grateful author. 


Leningrad, April 1932 


The objective study of the higher nervous activity by 
the method of conditioned reflexes has made such progress 
and has been so widened and deepened that it no longer 
seems very risky to attempt a physiological interpretation 
and analysis of the complex, pathological picture present- 
ed by hysteria in all its manifestations, although hysteria 
is regarded by clinicians, fully or predominantly, as a men- 
tal disease, as a psychogenic reaction to the environment, 

Thus, it is at the same time a test which enables one to 
judge to what degree the theory of conditioned reflexes is 
entitled to claim a physiological explanation of the so- 
called psychical phenomena. 

Unfortunately, here again it is impossible to do without 
a physiological introduction, although a brief one. To this 
day conditioned reflexes are relatively little known even in 
the country of their origin; besides, the theory of condi- 
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tioned reflexes is developing so rapidly that many of its 
important points have not yet been published and will be 
expounded by me here for the first time. 


1 


The conditioned reflexes continuously accumulated by 
human beings and animals in the course of their individual 
life are formed in the cerebral hemispheres, or, in general, 
in the higher part of the central nervous system. They 
represent a higher degree of complexity of ordinary un- 
conditioned reflexes, 1.e., reflexes which exist in the organi- 
sation of the central nervous system from the day of birth. 

The biological meaning of the conditioned reflexes con- 
sists in the fact that the few external stimuli of uncon- 
ditioned reflexes, given a definite condition (coincidence in 
time), establish a temporary connection with the countless 
phenomena of the surrounding medium—signals of those 
stimuli. Because of this, all the organic activities represent- 
ing the effects produced by the unconditioned reflexes, 
establish more delicate and more precise relations with the 
environment in wider and wider areas. The theory of con- 
ditioned reflexes or the physiology of the higher nervous 
activity studies the laws governing the dynamics of these 
reflexes both in normal and pathological life. 

The activity of the cerebral hemispheres and of the 
entire central nervous system with its two processes—~ 
excitation and inhibition—is subordinated, in our view, to 
two fundamental laws: the law of irradiation and concen- 
tration of each of these processes, and the law of their 
reciprocal induction. Experiments carried out on the nor- 
mal activity of the cortex enable us to draw the conclu- 
sion that if the intensity of these processes is weak, they 
at once begin to irradiate from the point of their origin; 
if their intensity is strong enough, they concentrate, and if 
it is excessively strong they irradiate again, When the proc- 
esses concentrate they induce an opposite process both 
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at the periphery during their action, and at the precise 
point of action upon its termination. 

The irradiation of the excitatory process over the enlire 
nervous system gives rise to a summation roflex. In spread: 
ing out, the wave of new excitation is summated with the 
already existing, manifest or latent, local excitation, reveal- 
ing in the latter case the Jatent focus of excitation. In the 
cerebral hemispheres, which are of a more complex slruc- 
ture and possess extreme reactivity and impressionability, 
the irradiation of the excitatory process Icads to the for- 
mation of a temporary conditioned connection, a condi- 
tioned reflex, association. While the summation reflex rep- 
resents a momentary, transient phenomenon, the condi- 
tioned reflex is a chronic phenomenon, gradually becoming 
stronger under the above-mentioned condition; it is a char- 
acteristic cortical process. 

When the excitatory process concentrates in the entire 
central nervous system we meet with phenomena of inhibi- 
tion—a manifestation of the law of induction, ‘The point at 
which the excitation is concentrated is to a greater or 
lesser extent surrounded by an inhibitory process repre- 
senting a phenomenon of negative induction, The latter 
makes itself felt both in the unconditioned and conditioned 
reflexes. The inhibition develops in full at once; it always 
arises and persists not only during the excitation by which 
it has been produced, but even for some time after it, ‘he 
stronger the excitation and the lower the posilive Lonus of 
the surrounding brain mass the more profound, extensive 
and durable is its action, Negative induction acts both 
between the small points of the brain and its large parts, 
We call this inhibition external, passive, and, it ean be 
added, unconditioned. Previously, this well-known phenom. 
enon was termed the struggle of nervous centres, which 
emphasised the fact that at a particular time a physialopi- 
cal predominance, or, so to speak, priority of one nervous 
activity over the other takes place. 

Along with the inhibition just mentioned the cerebral 


hemispheres exhibit other kinds or cases of inhibition, al- 
though there are grounds to assume that the physico-chem- 
ical process in all these cases is one and the same. This 
is, first of all, an inhibition which constantly corrects the 
conditioned connection and accordingly restrains the ex- 
citatory process, when the signalling conditioned stimulus 
is not accompanied, in some cases temporarily, by the sig- 
nalised stimulus, or when it is accompanied by the latter 
with a considerable delay. This inhibition becoming highly 
fragmentary, also delimits, differentiates the conditioned 
positive agents from the countless analogous and related 
negative agents. It arises of itself in the conditions men- 
tioned above, gradually grows and gains in intensity; it can 
train and perfect itself. This inhibition can also become 
connected with any indifferent external stimulus, if the 
action of the latter coincides for a certain time with the 
presence of inhibition in the cortex; this stimulus then 
begins of itself to produce an inhibitory process in the 
cortex. From what has been said it is clear that this purely 
cortical inhibition, along with the conditioned connection, 
plays an important role in the adaptation to the surround- 
ing medium, constantly and expediently analysing the 
stimulations coming from there. We have named this kind 
or case of inhibition internal, active inhibition. Generally 
speaking, the adjective “conditioned” could be accorded it 
as well. Then another, specific case of inhibition 1s observed 
in the cortex, All other conditions being equal, the effect 
of the conditioned stimulus is, as a rule, proportional to the 
intensity of the physical strength of the stimulus, but to a 
definite maximum level (and probably also to a certain 
minimum level). Beyond this maximum the effect no longer 
increases; it may sometimes even diminish. We then say 
that such a stimulus, on reaching this maximun level, 
begins to produce inhibition, not excitation. We interpret 
this phenomenon in the following way: the given cortical 
cell has a definite limit of functional capacity, ie., of, so to 
speak, inoffensive, easily reversible functional wear, and 
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the inhibition, which arises in connection with a super- 
powerful stimulation, does not permit overstepping this 
limit. The stronger the super-powerful stimuli, the more 
intense is the inhibition; in this case the effect of stimu- 
lation either remains at the maximum level, which is more 
often the case, or diminishes somewhat, if the stimulation 
is too intense. This inhibition could be called transmar- 
ginal. 

The limit of functional capacity of the cortical cells is 
not of a constant nature; it may change abruptly, as well 
as in a chronic way. Inanition, hypnosis, disease and old 
age lead to a steady decline of this limit; at the same time 
in the surrounding environment more and more inhibitory 
stimuli appear which become super-powerful for the given 
cell. The following important fact must be also pointed 
out. When the excitability or lability of the cortical cells 
is augmented in a natural or artificial way, for example, by 
means of chemical substances, i.e, when a more rapid 
functional wear of the cortical cells is provoked, an ever- 
increasing number of stimul: which previously were below 
maximum or of maximum strength become super-power- 
ful, leading to inhibition and a general decline of the con- 
ditioned reflex activity. 

The following question remains unsolved: What is the 
relation between the two latter cases of inhibition and the 
first universal case of negative induction? If they are simply 
a modification of the first case, then what is the nature of 
the modification and how does it occur in relation to the 
peculiar properties of the cortex? It is probable that trans- 
marginal inhibition is closer and more related to external, 
passive inhibition than to internal, active inhibition, since 
it, too, arises at once, and is not elaborated and trained as 
the latter. 

These two kinds of cortical inhibition also move, spread 
over the brain mass. A very large number of diverse exper- 
iments were performed with the special object of study- 
ing the movement of the first kind of cortical inhibition— 
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internal inhibition. In these experiments the inhibition 
spread out as if before the eyes of the experimenters. 

There is no doubt that inhibition, while irradiating and 
deepening, develops different degrees of a hypnotic state, 
and that spreading from the cerebral hemispheres down- 
ward to the utmost over the brain, it produces normal 
sleep. The diversity and multiplicity of hypnotic stages, 
which at first can hardly be distinguished from the waking 
state, strikingly manifest themselves even in our dogs. In 
respect of the intensity of inhibition the so-called equali- 
sation, paradoxical and ultra-paradoxical phases are worth 
mentioning. Conditioned stimuli of different physical in- 
tensity, instead of producing effects in proportion to their 
intensity, as in the case of the waking state, now produce 
equal, or even inversely proportional and distorted effects. 
In rarer cases the distortion of the effects reaches such a 
degree that only the inhibitory conditioned stimuli produce 
a positive effect, while the positive stimuli assume an inhib- 
itory action. In respect of the extensity of inhibition there 
are observed functional dissociations of the cortex, as well 
as of the rest of the brain, into larger and smaller parts. 
The motor area of the cortex is particularly often isolated 
from other areas, and even in this area sometimes a disso- 
ciation of functions comes to the fore. 

It is a matter of sincere regret that up to the present 
time the impression produced by these laboratory experi- 
ments is weakened due to the rivalry of the so-called sleep 
centre suggested by clinicians and certain physiologists; 
meanwhile, the matter can be interpreted in a satisfactory 
and conciliatory way from the following point of view, 
which seems to me fully justified by the facts. One can 
hardly doubt that there are two mechanisms responsible 
for the onset of sleep, and that it is necessary to distinguish 
active sleep from passive sleep. Active sleep originates in 
the cerebral hemispheres and is based on an active process 
of inhibition, arising in the hemispheres and spreading 
from there to the lower parts of the brain, Passive sleep 
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results from the diminution or limitation of stimulating 
impulses reaching the higher parts of the brain (not only 
the cerebral hemispheres, but also the adjacent subcortex). 

The stimulating impulses include, on the one hand, 
external stimuli, which reach the brain through the medium 
of the external receptors, and, on the other hand, internal 
stimuli, conditioned by the work of the internal organs and 
transmitted to the higher parts of the brain from the cen- 
tral nervous region regulating the organism’s vegetative 
functions. 

The first cases of passive sleep of a particularly pro- 
nounced character are Striimpell’s well-known clinical 
case53 and the analogical, more recent experiment carried 
out by Prof, A. D. Speransky and V. S. Galkin54 when, after 
a peripheral destruction of three receptors—olfactory, 
auditory and visual—the dog falls into a profound and 
chronic state of sleep (lasting for weeks and months). The 
second cases of passive sleep are the clinical cases which 
lead to the recognition of what clinicians and some exper- 
imenters designate as the “centre of sleep”. 

The physiology of the muscular tissue offers us an 
example which in this respect is analogous to sleep. Ow- 
ing to its specific physiological organisation, the skeletal 
muscle only contracts under the influence of its motor 
nerve, but the relaxation of the muscle is of a passive 
nature; as to the smooth muscle, its contraction and re- 
laxation are actively effected under the influence of two 
special nerves—one positive and the other inhibitory. 

Just as in the case of concentration of the excitatory 
process, the concentration of the inhibitory process en- 
genders, by virtue of the law of reciprocal induction, an 
opposite process, which in the given case is, naturally, a 
process of excitation. The point of concentration of the 
inhibition is surrounded, to a greater or lesser extent, by 
a process of heightened excitability—a manifestation of 
positive induction. The positive induction makes itself felt 
in the unconditioned, as well as in the conditioned reflexes. 
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A heightened excitability arises either immediately or after 
a certain period during which the inhibition gradually con- 
centrates; it persists not only for the duration of the inhib- 
ition, but for some time after its disappearance and in 
certain cases long after it. The positive induction manifests 
itself both between small points of the cortex and large 
parts of the brain. 

I shall dwell now on some points of the physiology of 
the higher nervous activity which are of importance 
for physiological analysis of the symptomatology of 
hysteria. 

The connection between the organism and the surround- 
ing medium through conditioned signalling agents is the 
more perfect the more these agents are analysed and 
synthesised by the cerebral hemispheres in conformity 
with the extreme complexity and continuous fluctuations 
of the environment. The synthesis is effected through the 
process of conditioned connection. The analysis, the differ- 
entiation of positive conditioned agents from inhibitory 
ones is based on the process of reciprocal induction; the 
separation of different positive agents, i.e., of agents relat- 
ed to different unconditioned reflexes, is accomplished by 
a process of concentration (new experiments by Rikman®), 
Thus, precise analysis requires a sufficient intensity both 
of the inhibitory and excitatory processes. 

Further, of particular significance for the physiological 
study of hysteria are our data relating to the types of 
nervous system. First of all, we distinguish very strong 
animals, but unequilibrated, in which the inhibitory proc- 
ess always lags to a certain degree and, consequently, does 
not conform to the excitatory process. When these animals 
are confronted with difficult nervous tasks calling for con- 
siderable inhibition, they almost fully lose their inhibitory 
function (special neurosis) and become painfully restless; 
in some cases this restless state is periodically superseded 
by depression and drowsiness. In their general behaviour 
animals of this category are aggressive, provocative, and 
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lacking in self-control. We call such dogs excitable or 
choleric. Next comes the type of strong and at the same 
time equilibrated animals, in which both processes are of 
equal strength; because of this, it is difficult and sometimes 
even impossible to induce neuroses in such animals by 
means of complex nervous tasks. This type assumes two 
forms—the quiet (phlegmatic) and the very lively (san- 
guine) forms. Finally, there is the weak inhibitable type, 
in which both processes are insufficient, particularly and 
more often the inhibitory process. It is this type which 
specially furnishes experimental neuroses, reproduced in 
them with extreme ease. Animals of this type are coward- 
ly; they are constantly in a state of uneasiness or display 
excessive fussiness and impatience. They are incapable of 
enduring strong external agents acting as positive con- 
ditioned stimuli, any considerable normal excitation in 
general (alimentary, sexual, etc.), even a slight intensity 
(continuation) of the inhibitory process, and still less a col- 
lision of the nervous processes, any complex system of 
conditioned reflexes and finally any change in the stereo- 
type of the conditioned reflex activity. In all these cases 
they exhibit a weakened and chaotic conditioned reflex 
activity and very often fall into different phases of hypno- 
sis. Moreover, in these animals separate, even very small, 
points of the cerebral hemispheres can be easily rendered 
pathological, and when adequate stimuli affect such points 
a rapid and drastic decline of the general conditioned reflex 
activity takes place. Although the general behaviour of 
these animals is such that they cannot always be described 
as melancholic, nevertheless there is every reason to include 
them in the category of melancholic animals, i.e., those 
in which the vital manifestations are in many cases con- 
stantly suppressed and inhibited. In our exposition of the 
types of nervous system we implied, when we spoke of the 
equilibrium between excitation and inhibition, the so-called 
internal inhibition. In the weak type, with its weak internal 
inhibition, the external inhibition (negative induction) is, 
i ee #63 
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on the contrary, highly predominant and, above all, deter- 
mines the entire external behaviour of the animal. Hence 
this type is called weak, inhibitable. 

In concluding the physiological part of this article, I must 
point to the following circumstance which is of particular 
importance for the comprehension of some of the special 
symptoms of hysteria. There are sufficient grounds to as- 
sume that centripetal, afferent impulses produced by each 
element and moment of movement reach the cerebral 
cortex (motor region) not only from the skeletal motor 
apparatus, which makes possible an exact cortical regula- 
tion of the skeletal movements, but also from other organs 
and even separate tissues; because of this, the cortical 
regulation of the latter is likewise possible. At the present 
time, conditioning, which must be related to the higher part 
of the central nervous system, assumes greater biological 
significance since the possibility of conditioned leucocyto- 
ses, immunity and other various organic processes, has 
been demonstrated, even though we do not yet know the 
exact nervous connections participating, directly or indi- 
rectly, in this phenomenon. But this possibility of cortical 
influence is deliberately utilised and is revealed by us in 
very rare cases under exceptional artificial or abnormal 
conditions. This is explained by the fact that, on the one 
hand, the autoregulation of the activity of other organs and 
tissues, apart from the skeletal motor apparatus, is chiefly 
effected in the lower parts of the central nervous system, 
and, on the other hand, is disguised by the fundamental 
activity of the cerebral hemispheres aimed at regulating 
the most complex relations with the surrounding medium. 


2 


Let us turn now to hysteria. 
Concerning the general concepts of hysteria held by 
the clinicians, some of them give a fundamental general 
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characteristic of the pathological state and some bring 
forward certain particularly pronounced traits or symptoms 
of this state. Some clinicians speak, as it were, of a return 
to instinctive, ie., emotional and even reflex life; others 
attribute the disorder to suggestibility, explaining the en- 
tire behaviour of hysterical persons and the so-called stig- 
mata of hysteria (analgesia, paralyses, etc.) by sugges- 
tion and autosuggestion. Certain clinicians advance to the 
foreground the desire to be ill, to take refuge in illness; 
others regard as particularly important the manifestation 
of fantasticism, the absence of a real perception of life; 
still others look on the disease as chronic hypnosis, and 
finally there are clinicians who ascribe it to a reduced 
capacity for psychical synthesis or to split personality. 
I believe that all these concepts taken together fully 
cover the entire syndrome and the entire nature of 
hysteria. 

First of all, we must consider as a generally recognised 
fact that hysteria results from a weak nervous system. 
Pierre Janet plainly states that hysteria is one of an im- 
mense group of mental illnesses caused by weakness and 
cerebral inanition. If that is so, then the above charac- 
teristic—taking into account that the weakness mainly 
relates to the higher part of the central nervous system 
and especially to the cerebral hemispheres as its most 
reactive part—becomes comprehensible in the light of the 
physiology of the central nervous system and of its high- 
er part as now presented by the theory of conditioned 
reflexes. 

Usually the cerebral hemispheres which represent the 
highest organ of correlations between the organism and 
the surrounding medium and hence the constant conirol- 
ler of the executive functions of the organism, always 
exert influence on the adjacent parts of the brain with 
their instinct and reflex activity. From this it follows that 
the elimination or weakening of the activity of the cere- 
bral hemispheres must necessarily lead to a more or less 
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chaotic activity of the subcortex devoid of the right meas- 
ure and of adequacy to the given surroundings. This is a 
well-known physiological fact which manifests itself in 
animals after the extirpation of the cerebral hemispheres, 
in adults when they are in different states of narcotisa- 
tion and in children when they fall asleep. Thus, using 
the above-mentioned physiological terms, the alert, ac- 
tive state of the cerebral hemispheres, manifested in the 
unceasing analysis and synthesis of external stimuli, of 
the influences of the surrounding medium, negatively in- 
duces the subcortex, i.e., inhibits its activity as a whole, 
liberating in a selective way only the activity needed by 
conditions of place and time. On the contrary, an inhibit- 
ed state of the hemispheres liberates or positively induces 
the subcortex, i.e., strengthens its general activity. Con- 
sequently, there are adequate physiological grounds for 
the occurrence of various affective outbursts and convul- 
sive fits in hysterical persons under acute and abrupt in- 
hibition of the cortex resulting from unendurable stimu- 
lations—and such stimulations are not infrequent in the 
case of a weak cortex. These outbursts and fits are some- 
times expressed in more or less definite instinctive and 
reflex activities and sometimes in absolutely chaotic 
forms, depending on the varying localisation of inhibition 
over the cortex and the adjacent or more distant sub- 
cortex. 

But this is an extreme and active expression of the path- 
ological state. When the inhibition spreads further down 
the brain, we witness another extreme, but passive state 
of the organism of the hysterical person in the form of 
deep hypnosis and, in the end, of complete sleep last- 
ing for hours and even for days (lethargy). This difference 
between the extreme states is probably determined not 
only by various degrees of weakness of the excitatory 
and inhibitory processes in the cortex, but also by the 
force correlations between the cortex and subcortex, 
which sometimes vary in an acute or chronic way in one 
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and the same individual, and sometimes are also related 
to different individuals. 

This varying chronic weakness of the cortex, apart from 
being the cause of the extraordinary and extreme states 
of the organism just described, invariably conditions also 
the permanent peculiar state of hysterical persons—their 
emotivity. 

Although our life and that of animals is directed by the 
basic tendencies of the organism—alimentary, sexual, ag- 
gressive, investigatory, etc. (functions performed by the 
subcortex adjacent to the cerebral hemispheres), never- 
theless, for the purpose of co-ordinating and realising all 
these tendencies, indispensably in connection with the gen- 
eral conditions of life, there is a special part of the cen- 
tral nervous system; this part moderates each particular 
tendency, harmonises them and ensures their most ra- 
tional realisation in the conditions of the surrounding me- 
dium. These are, of course, the cerebral hemispheres. Thus, 
there are two ways of action. In the first place it is the 
way of rational action which is effected after, so to speak, 
a preliminary (though sometimes almost instantaneous) 
investigation of the given tendency by the cerebral hem- 
ispheres and its transformation, in the requisite meas- 
ure and at the appropriate moment, into a correspond- 
ing motor act or behaviour with the help of the cortical 
motor region. It is, in the second place, the way of affec- 
tive, passionate action, realised (perhaps even directly 
through the subcortical connections) under the influence 
of the given tendency alone, without the above-mentioned 
preliminary control. In hysterical persons the latter 
way of action predominates in most cases, and its nerv- 
ous mechanism is quite clear. The tendency arises under 
the influence of external or internal stimulation and evokes 
the activity of a corresponding point or region of the 
cerebral hemispheres. Under the influence of emotion 
and due to the irradiation. from the subcortex, this point 
becomes extremely charged, If the cortex is weak, this 
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is sufficient to provoke a strong and greatly extended 
negative induction, which excludes any control, any in- 
fluence of all other parts of the cerebral hemispheres. 
And it is precisely these parts which locate the represen- 
tation of other tendencies and of the surrounding medium, 
the traces of previous stimulations and emotions, the ac- 
quired experience. This is joined by another mechanism. 
The strong excitation produced by emotion intensifies the 
excitability of the cortex; this rapidly leads the excita- 
tion of the cortex to the limit of its functional capacity 
and exceeds it. Consequently, negative induction is joined 
by transmarginal inhibition. Hence, a hysterical per- 
son lives to a greater or lesser degree not a rational but 
an emotive life, and is directed not by the cortical, but 
subcortical activity. 

Suggestibility and auto-suggestibility are directly con- 
nected with this mechanism of hysteria. What are sug- 
gestion and auto-suggestion? They are a concentrated ex- 
citation of a definite point or region of the cerebral hemi- 
spheres in the form of a definite excitation, sensation or 
its trace—an idea now called forth by emotions, i.e., ex- 
cited from the subcortex,’now produced abruptly from 
the outside, now by means of internal connections, asso- 
ciations—an excitation which acquires a predominant, 
undue and irresistible significance. It exists and acts, i.e., 
passes over into movement, into one or another motor 
act, not because it is maintained by various associations, 
that is, connections with many present and past stimuli, 
sensations and ideas—this would produce resolute and 
sensible action, such as is usual with a normal strong 
cortex—but because in a weak cortex with a low, weak 
tone this concentrated excitation is accompanied by a 
strong negative induction which detaches and isolates it 
from all indispensable extraneous influences. This is the 
mechanism of hypnotic and post-hypnotic suggestion. 
During hypnosis we observe even in a normal and strong 
cortex a lowered positive tone owing to irradiated inhibi- 
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tion. When the word or command of the hypnotist is 
directed to a definite point of such a cortex as a stimulus, 
the latter concentrates the excitatory process in a corre- 
sponding point and is immediately followed by negative 
induction, which, meeting little resistance on its way, 
spreads over the entire cortex; thanks to this, the word 
or command is completely isolated from all influences and 
becomes an absolute, irresistible stimulus, continuing to 
operate even subsequently, when the individual returns to 
an alert state. 

Exactly the same as to its mechanism, but in lesser 
degree, takes place constantly and spontaneously in old 
age when the excitatory process in the cortex undergoes 
a natural decline. In a still strong brain the internal or 
external excitation, concentrating, even though consider- 
ably (but not excessively, as in exceptional cases), in a 
definite point or region of the cortex, is naturally accom- 
panied by negative induction, which, because of the 
strength of the cortex, does not represent complete and 
widely spread inhibition. Therefore, along with the pre- 
dominant excitation, some other concomitant excitations 
act, which evoke corresponding reflexes, especially old 
and fixed ones, or the so-called automatic reflexes. Usu- 
ally our behaviour consists not of isolated, but complex 
reactions, corresponding to the constant complexity of 
the surroundings. The picture is altogether different in 
old age. When concentrating on a certain excitation, we 
exclude by means of negative induction the action of all 
other extraneous but simultaneous stimulations, and that 


* Despite the very rich material accumulated by the physiology 
of the nervous system in general, and by the theory of conditioned 
reflexes in particular, the question of the relation between excitation 
and inhibition still baffles solution. Is it one and the same process 
interchanging under definite conditions, or a couple, strongly knit 
together, which, as it were, revolves under certain conditions and 
shows, to a greater or lesser extent, or even in full, now one of its 
sides, now the other? 
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is why we often act not in compliance with the given con- 
ditions, i.e., Our reaction to the entire surroundings re- 
rains incomplete. Here is a simple illustration. I look at 
the object which I need, I take it in my hand but at the 
same time do not notice all or practically all other objects 
surrounding and adjoining it; as a result I knock against 
the other objects, derange them without any need, etc. 
This is described, erroneously, as senile distraction, where- 
as, on the contrary, it is concentration, but involuntary, 
passive and defective. Precisely for the same reason an 
old man, who thinks of something or talks to somebody 
while putting on his outdoor clothes, sometimes forgets 
to put on his hat, takes one object instead of another, etc. 

As a result of constant extraneous and involuntary sug- 
gestions and auto-suggestions, the life of a hysterical per- 
son is overcharged with extraordinary and peculiar mani- 
festations. 

To begin with, let us take the case of war hysteria 
which was thoroughly studied during the world war. Being 
a permanent and serious menace of death, war, of course, 
is one of the most natural incentives to fear. Fear has 
definite physiological symptoms which in individuals with 
a strong nervous system either do not manifest them- 
selves at all, being suppressed, or quickly disappear; 1n per- 
sons with a weak nervous system they are of a more 
prolonged character, with the result that such persons are 
no longer able to participate in military operations and 
thus are discharged from the obligation of exposing their 
life to danger. These persistent symptoms could also dis- 
appear of themselves with the lapse of time, but in a weak 
nervous system, precisely because of its weakness, a mech- 
anism sets in which maintains them. The persistent 
symptoms of fear and the resulting temporary safety thus 
coincide in time and, by virtue of the law of conditioned 
reflexes, must become associated, interconnected. Hence, 
the sensation and representation of these symptoms as- 
sume a positive emotional shade and, naturally, are re- 
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peatedly reproduced. Then, on the one hand, according to 
the law of irradiation and summation, they, acting from 
the cortex, maintain and reinforce the lower centres of 
the reflex symptoms of fear, and, on the other hand, being 
emotionally charged, they are accompanied, in a weak 
cortex, by an intense negative induction, and thus exclude 
the influence of other representations which could oppose 
the feeling of conditioned agreeableness or desirability 
of these symptoms. We, therefore, have no sufficient 
grounds to affirm that this case represents a deliberate 
simulation of symptoms. In effect, it is a case of fatal 
physiological relations. 

But a hysterical person displays a multitude of similar 
cases even in his everyday life. Not only the horrors of 
war, but many other dangers (fire, railway accidents, etc.), 
numerous life shocks, such as the loss of close relations 
or friends, unfaithful love and other deceptions encoun- 
tered, the loss of property, collapse of convictions and 
beliefs, etc., and in general difficult conditions of life— 
unhappy marriage, poverty, violation of self-respect, and 
so forth—all these factors produce in a weak individual, 
at once or eventually, violent reactions accompanied by 
different abnormal somatic symptoms. Many of these 
symptoms, which appear at the moment of strong excita- 
tion, are impressed in the cortex for a long time or forev- 
er, just aS are many strong stimulations in normal per- 
sons (kinesthetic stimulations included), But other symp- 
toms, which in a normal subject can be effaced with the 
lapse of time—whether because of fear of their abnormal- 
ity, inconvenience, direct harmfulness and merely inde- 
cency, or, the reverse, because they are advantageous or 
simply interesting—become more and more intense, ex- 
tended (through irradiation) and stable, owing lo the same 
mechanism as in the case of the war hysteria mentioned 
earlier, as well as to their emotional reinforcement, Nat- 
urally, in a weak subject, an invalid in life, unable to win 
by positive qualities respect, attention and favour of other 
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people, the latter motive acts most and contributes to the 
prolongation and fixation of the morbid symptoms. Hence, 
one of the most striking features of hysteria is the desire 
to be ill, to take refuge in illness. 

Along with positive symptoms, there are negative ones, 
which are produced in the central nervous system not by 
the process of excitation, but by the inhibition process, 
for instance, analgesia and paralysis. They attract special 
attention, and some clinicians (for example, Hoche in a 
recent article) regard them as specifically hysterical 
symptoms which seem absolutely incomprehensible. But 
this is an obvious misunderstanding: they do not differ in 
any way from positive symptoms. Do not we, normal peo- 
ple, constantly repress some of our movements and words, 
i.e, do not we send inhibitory impulses to definite points 
of the cerebral hemispheres? As pointed out in our phys- 
iological introduction, in the laboratory we constantly 
elaborate, along with conditioned positive stimuli, condi- 
tioned negative stimuli. In hypnosis by means of stimulat- 
ing words we produce anaesthesia, analgesia, general im- 
mobility or inability to move certain parts of the body, 
functional paralysis. A hysterical person often can and 
must be regarded, even in normal conditions, as being in 
a chronic state of hypnosis to a certain degree, since ow- 
ing to the weakness of his cortex, ordinary stimuli be- 
come super-powerful and are accompanied by a diffused 
transmarginal inhibition, just as in the paradoxical phase 
of hypnosis observed in our animals. Therefore, besides 
the fixed inhibitory symptoms, which, like the positive 
ones, appear at the moment of violent nervous trauma, 
the same inhibitory symptoms may arise in a hysterical 
hypnotic as a result of suggestion or auto-suggestion. 
Any notion of an inhibitory effect evoked either by fear, 
interest or advantage, repeatedly concentrates and inten- 
sifies in the cortex and, owing 1o the emotivity of the 
hysterical person, just as in hypnosis the word of the 
hypnotist, provokes these symptoms and fixes them for 


272 


a long time, until, finally, a stronger wave of excitation 
effaces these inhibitory points. 

The same mechanism of auto-suggestion produces in a 
hysterical person a multitude of other symptoms, some 
of which are rather ordinary and frequent and some ex- 
traordinary and highly peculiar. 

Any slight sensation of pain or the slightest anomaly 
in any organic function engenders in a hysterical person 
the fear of becoming seriously ill; and this suffices not 
only to maintain these sensations, again by means of the 
above-described mechanism, but to reinforce them and 
bring to such a pitch of intensity as to render the subject 
invalid. However, this time it is not the positive aspect 
of the sensation that is responsible for its frequent repro- 
duction and predominant action in the cortex, as is the 
case in war hysteria, but, on the contrary, its negative 
aspect, This, naturally, makes no difference as regards the 
essence of the physiological process. Unquestioned cases 
of phantom pregnancy accompanied by corresponding 
changes in the mammary glands, by an accumulation of 
fat in the abdominal wall, etc., are examples of pecul- 
iar manifestations of hysterical auto-suggestion. This is 
further confirmation of what has been said in the phys- 
iological introduction to this article concerning the cor- 
tical representation not only of the activity of all or- 
gans, but of separate tissues. At the same time this tes- 
tifies to the extreme emotivity of hysterical persons. It 
is true that in this case the maternal instinct, powerful 
in itself, reproduces by auto-suggestion such a complex 
and specific state of the organism as pregnancy, at least 
certain of its components. The same mechanism is re- 
sponsible for the states and stigmas of religious ecstat- 
ics. It is a historical fact that the Christian martyrs en- 
dured their tortures with patience, even with joy, and 
when dying, lauded those for whom they sacrificed them- 
selves; this is striking proof of the power of auto-sugges- 
tion, ie., of the strength of concentrated excitation in a 
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definite cortical region, excitation accompanied by a very 
intense inhibition of all other parts of the cortex re- 
presenting, so to speak, the fundamental interests of the 
entire organism, its integrity, its existence. If the power 
of suggestion and auto-suggestion is so great that even 
the destruction of the organism can take place without 
the slightest physiological resistance on its part, then, in 
view of the already proved high ability of the cortex to 
influence the processes of the organism, it is easy to 
understand from the physiological point of view the 
partial violation of the organism’s integrity produced 
by suggestion and auto-suggestion by means of 
trophic innervation, the existence of which has been also 
proved. 

It is, therefore, impossible not to see the erroneous- 
ness of the extreme point of view put forward by Ba- 
binski,56 although in general he correctly appraises the 
fundamental mechanism of hysteria. In his view the only 
symptom that should be regarded as hysterical, is the 
one provoked or eliminated by suggestion. This conclu- 
sion overlooks the extreme intensity and incessant action 
of the given emotivity, which cannot be produced in a 
full measure deliberately by suggestion, especially since 
the real cause and nature of this emotivity may remain 
unrevealed. 

Finally, it is necessary to touch on the fantasticism of 
hysterical persons, on their detachment from reality and 
frequent twilight states. It can be assumed that these 
symptoms are interconnected. As shown by the obser- 
vations made by Bernheim? and others on hypnotised 
normal subjects, as well as by our observations on dogs 
mentioned in the physiological part of this article, we 
must distinguish in hypnotism a number of gradations, 
beginning with a state, which hardly differs from wake- 
fulness and ending with complete sleep. 

In order to embrace and fully understand all the de- 
grees of hypnosis, especially in man, I think it is neces- 
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saty to dwell on the following problems, which have not 
only been insufficiently elaborated by science, but are 
not even properly formulated. 

Life clearly reveals two groups of human beings: 
artists and thinkers. There is a striking difference be- 
tween them. The first group, artists of all kinds—writers, 
musicians, painters, etc., perceive reality as a single 
whole, ie., the entire living reality without breaking it 
up or decomposing it. The other group, the thinkers, on 
the contrary, dismember it, thereby, as it were, killing 
it and making of it a kind of temporary skeleton; only 
afterwards do they gradually as if anew assemble its 
parts and try to revive it, but this, however, they are 
unable fully to accomplish. This difference is particular- 
ly manifest in the so-called eudetism of children. I recall 
a case which greatly amazed me forty or fifty years 
ago. In a family of a marked artistic disposition the 
parents used to entertain their two- or three-year-old 
child (and amuse themselves at the same time) by show- 
ing him a collection of twenty or thirty photos of differ- 
ent relatives, writers, actors, etc., and simultaneously 
pronouncing their names. The effect was that the child 
memorised the photos and then called all the persons 
represented on them by their proper names. But how 
great was the general surprise one day when it was dis- 
covered that the child could give the right names by look- 
ing even at the back of the photo. Apparently in this case 
the brain, the cerebral hemispheres, perceived the optic 
stimulations in exactly the same way as a photographic 
plate reacts to the fluctuations of the intensity of light 
or as a phonographic disc records the sounds, And this, 
perhaps, is the essential feature of any kind of artistic 
faculty. Generally, such an integral reproduction of real- 
ity is inaccessible to a thinker. That is why the combi- 
nation in one and the same person of great artist and 
great thinker is an exceedingly rare phenomenon. In the 
overwhelming majority of cases they are represented by 
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different individuals. Of course, in the mass there are 
intermediates. 

I believe that there are definite physiological grounds, 
although as yet not very convincing, for interpreting the 
matter in the following way. In the artist the activity of 
the cerebral hemispheres, while developing throughout 
their entire mass, least of all involves the frontal lobes and 
concentrates mainly in other parts; in the thinker, on the 
contrary, it is most intense in the frontal lobes. 

Repeating what I have just said, for the sake of sys- 
tematisation, I view the higher nervous activity as a whole 
like this. In higher animals, including man, the first sys- 
tem establishing complex correlations between the organ- 
ism and the external environment is represented by the 
subcortex adjacent to the cerebral hemispheres with its 
highly complex unconditioned reflexes (in our terminology), 
or instincts, drives, affects, emotions (in the usual diverse 
terminology). These reflexes are produced by a relatively 
limited number of unconditioned external agents, or in 
other words, those which act right from the day of birth. 
Hence, a limited capacity of orientation in relation to the 
surrounding world and at the same time a low degree of 
adaptation. The second system is represented by the cere- 
bral hemispheres, excluding, however, the frontal lobes. It 
is here that a new principle of activity arises with the help 
of conditioned connection or association—the signalisation 
of a limited number of unconditioned external agents by 
a countless number of other agents, which at the same 
time are constantly subjected to analysis and synthesis 
and ensure very wide orientation in relation to the same 
medium and thereby a much higher degree of adaptation. 
This is the only signalling system in the animal organism 
and the first signalling system in man. In the latter an- 
other system of signalisation is added; it can be assumed 
that this system relates to the frontal lobes,53 which in ani- 
mals are much Jess developed than in man. It represents 
a signalisation of the first signalling system by means of 
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speech and of its basis or basal component—kinesthetic 
stimulations of the speech organs. In this way a new prin- 
ciple of nervous activity arises—abstraction and at the 
same time generalisation of the countless signals of the 
first signalling system which is again accompanied by 
analysis and synthesis of the new generalised signals—a 
principle which ensures unrestricted orientation in rela- 
tion to the surrounding world and the highest degree 
of adaptation, namely, science, both in the form of 
human universal empiricism and in specialised forms. This 
second system of signalisation and its organ, representing 
the latest acquisition in the process of evolution, are bound 
to be most fragile and susceptible to diffused inhibition 
when it arises in the cerebral hemispheres at the initial 
stages of hypnosis. Then, instead of the activity of the 
second signalling system, usually predominant in the alert 
state, the activity of the first system comes to the fore, 
liberated from the regulating influence of the second sys- 
tem; at first it takes the more stable form of reverie and 
fantastic imagination and subsequently the more acute 
form of a twilight state or light sleep (corresponding to 
the intermediate state between sleep and wakefulness or 
to the state of falling asleep), Hence the chaotic character 
of this activity, which no longer reckons with reality, or 
if it does, then only slightly, and is mainly dependent on 
the emotional influences of the subcortex. 

From what has been said it will not be difficult to ap- 
preciate from the physiological point of view what the 
clinicians term disturbance of psychical synthesis in hys- 
teria (the expression used by Pierre Janet) or the split 
“ego” (Raymond’s expression). Instead of a co-ordinated 
and well-equilibrated activity of the three systems men- 
tioned, in hysteria this activity is continually dissociated, 
and the natural and law-governed interdependence of the 
systems is deranged: meanwhile the interconnection and 
proper interdependence of the work of these systems con- 
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stitute the foundation of a sane personality and underlie 
the integrity of our “ego”. 

In the final analysis, different combinations of the fol- 
lowing three particular physiological phenomena are con- 
stantly manifest and make themselves felt against the fun- 
damental background of cortical weakness in hysterical 
persons: quick susceptibility to varying degrees of hypnot- 
ic states due to the fact that even normal life stimuli are 
super-powerful and are accompanied by transmarginal dif- 
fused inhibition (the paradoxical phase); extreme fixation 
and concentration of the nervous processes in definite 
points of the cortex due to the predominance of the sub- 
cortex; and, finally, undue intensity and extensity of nega- 
tive induction, i.e., of inhibition caused by low resistibility 
of the positive tone of other cortical parts. 

In conclusion, I take the liberty of saying a few words 
about hysterical psychoses. A case of this kind of psycho- 
sis has been demonstrated to me; it is a case of hysterical 
puerilism in a woman of more than forty, who became ill 
as a result of severe shocks experienced in family life. She 
was unexpectedly deserted by her husband who some time 
later also deprived her of her child. After an attack of stu- 
por and a general prolonged paresis the woman sank into 
dotage, At present she behaves like a child, without, 
however, manifesting any obvious general defects in the 
intellectual and moral sphere or in personal life. A closer 
examination of the patient shows that everything seems to 
be accounted for exclusively by the absence of the analyt- 
ical inhibition which always accompanies our behaviour, 
our movements, words and thoughts and which distin- 
guishes the adult from the child. Does not the development 
of our personality consist in the fact that under the in- 
fluence of education and religious, social and civic re- 
quirements, we gradually learn to inhibit, to repress that 
which is not admitted, which is prohibited by the factors 
just mentioned? Is not our behaviour in the family circle 
or in the company of friends quite different in all respects 


278 


from that under other conditions? The universal experi- 
ments of life prove this beyond all doubt. Do we not con- 
stantly encounter the fact that in fits of passion, which 
overcome the cortical inhibition, men speak and act in a 
manner which they regard as inadmissible when they are 
calm? And do they not bitterly regret such behaviour 
when the fit of passion recedes? This is particularly evident 
in the state of alcohol intoxication when all brakes are 
abruptly switched off, as aptly expressed in the Russian 
proverb: to the drunkard the sea seems up to his knee. 

Will this patient ever return to a normal state? Well, it 
depends. The psychiatrists affirm that in youth such a 
state persists only for hours or days, although it is some- 
times more protracted. In the given case it is a state of 
relative calm and satisfaction; it is probably determined 
by the previously described nervous mechanism, which 
makes the patient take refuge in illness in order to escape 
the difficulties of life and owing to which this pathological 
state may in the end become irremediably habitual. On the 
other hand, the disturbed and overstrained inhibition may 
weaken and disappear altogether. 

Is hysteria in general a curable disease from the physio- 
logical point of view? In this respect everything depends 
on the type of nervous system. It is true that the predomi- 
nant and encouraging impression produced by our work 
on conditioned reflexes in dogs is that the cerebral hemi- 
spheres offer great possibilities for their training, although 
naturally these possibilities are not unlimited. When deal- 
ing with an extremely weak type we can, in exceptional, 
so to speak, hot-house experimental conditions, obtain an 
improvement, a regularisation of the animal’s general con- 
ditioned reflex activity, and nothing more. A durable trans- 
formation of the type is, of course, out of the question. But 
since certain hysterical reactions of a general physiolog- 
ical character can also take place in more or less strong 
types as a result of powerful stimulations or violent 
shocks, a full return to the normal is, of course, possible 
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in this case. However, the return can occur only if the 
series of shocks and excessive stimulations do not over- 
step their limits. 

While it is impossible to read without keen interest the 
really brilliant pamphlet by Kretschmer on hysteria, in 
which the author reveals a strong and almost constant ten- 
dency to interpret the hysterical symptoms physiological- 
ly, Hoche’s article in Deutsche Medizinische Wochenschrifi 
in its January issue this year, makes a strange impression. 
Is it really the case that modern physiological knowledge 
does not throw any light on the mechanism of hysteria, 
that the clinic and physiology “have halted before hyste- 
ria as they would at closed doors’? The following reason- 
ing in Hoche’s article seems quite strange. Adhering to the 
view that analgesiae and paralyses constitute the funda. 
mental feature of hysteria, he addresses the supporters of 
the theory of the pathogenic force of motives in hysteria 
with the question: Why would the strong indignation felt 
by some of his listeners and readers in consequence of his 
adverse opinion of the above-mentioned theory not render 
them insensitive to pain, if it were caused by a faradic 
current of high intensity? Then he cites other analogous 
cases: for example, why are the patients not cured by a 
similar method, i.e., by a strong desire to get rid of their 
illness, of their neuralgiae? In this connection I recall an 
instance from my student days which deeply impressed me 
and all who witnessed it. A young woman was undergoing 
a plastic operation on her nose which had been dread- 
fully deformed by some disease. Right in the middle of the 
operation the woman, to everyone’s surprise, suddenly 
made a calm remark in response to something said by the 
professor performing the operation. Evidently, the anaes- 
thesia (which was general) had practically no effect. Yet 
the same woman attracted general attention by the fact 
that during the daily dressing of the post-operative wound 
she exhibited extreme sensitivity to pain. Clearly the 
strong desire to get rid of the deformity, probably inten- 
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sified by sexual emotion, rendered the woman insensitive 
to the operation trauma and made her hope and believe 
that the surgical intervention would end in complete suc- 
cess. But after the operation, at any rate for a period im- 
mediately after it, when the coarse, strange-looking arti- 
ficial nose bitterly and cruelly disappointed her, the same 
emotion, on the contrary, rendered her highly sensitive 
even to what was now carefully done to her nose. 

Many cases of this kind are met in everyday life, as well 
as in history. When dealing with such cases, it is necessary 
to take into account: in strong and normal individuals the 
harmonious complex of strong emotions and of predomi- 
nant cortical associations accompanied by an equally 
strong negative induction in all other parts of the cerebral 
hemispheres; in the weak nervous type—the hysterical 
mechanism described above. 


PHYSIOLOGY 
OF HIGHER NERVOUS ACTIVITY®? 


Since this, I suppose, is my last opportunity to address 
a general meeting of my colleagues, I shall take the liber- 
ty of calling your attention to the general, most systema- 
tised and summarised results of my recent work, which 
I have carried out jointly with my esteemed fellow- 
workers and which comprises a full half of my entire 
physiological activity; naturally, I shall repeat many of 
the already published facts. I pass on to you the results of 
our work, passionately dreaming of the majestic, ever- 
widening horizon opening up before our science, and of 
the ever-growing influence exerted by science on human 
nature and human destiny. 

For the anatomist and histologist the cerebral hemi- 
spheres have always been as accessible and tangible as 
any other organ or any other tissue, ie., that they pos- 
sess similar workability and are susceptible of investiga- 
tion, but, of course, commensurately with their specific 
properties and construction. Quite different was the posi- 
tion of the physiologist. Every organ of the animal body, 
the general role of which in the organism is known, its 
actual function, and the conditions and mechanism of this 
function, are objects of study. As to the cerebral hemi- 
spheres, their role is well known—they effect the organ- 
ism’s most complex relations with the environment; but 
the physiologist did not engage in a further study of their 
activity. For him the study of the cerebral hemispheres did 
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not begin with the concrete reproduction of their activity, 
only after which the gradual analysis of the conditions and 
mechanism of this activity is possible. The physiologist 
possessed many facts relating to the cerebral hemispheres, 
but these facts were not manifestly and closely connected 
with their usual normal activity. 

Today, after thirty years of diligent and ceaseless work 
jointly with my numerous collaborators, I make bold to 
say that the situation has radically changed, that while 
remaining physiologists, i.e., the same objective observers 
as in all other branches of physiology, we are studying at 
present the normal activity of the cerebral hemispheres 
and at the same time constantly analysing it in ever-in- 
creasing measure. The generally recognised criteria for 
every true scientific activity, namely, precise prevision and 
control over phenomena, testify to the serious character 
of this study, which is irrepressibly advancing, overcoming 
all obstacles. An ever-growing number of relations which 
constitute the most complex external activity of the higher 
animal organism, unfolds before us. 

The central physiological phenomenon in the normal 
work of the cerebral hemispheres is that which we have 
termed the conditioned reflex. This is a temporary nerv- 
ous connection between numberless agents in the ani- 
mal’s external environment, which are received by the 
receptors of the given animal, and the definite activities of 
the organism. This phenomenon is called by psychologists 
association. The fundamental physiological significance of 
this connection is as follows: in the higher animal, for 
example, in the dog which was the object of our investi- 
gations, the basic, most complex correlations established 
between the organism and the environment in order to 
preserve the individual and the species, are determined first 
of all by the activities of the subcortex which is nearest 
to the cerebral hemispheres; this was demonstrated long 
ago in Goltz’s experiment with the extirpation of the cer- 
ebral hemispheres in a dog. These activities include the 
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search for food, or the alimentary activity; the avoidance 
of injurious factors, or the defensive activity, etc. They 
are usually called instincts or inclinations; psychologists 
term them emotions, but we designate them by the phys- 
iological term most complex unconditioned reflexes. They 
exist from the very day of birth and are indispensably 
called forth by definite, though very limited in number, 
stimuli which are sufficient only in early childhood, under 
the conditions of parental care. It is this latter circumstance 
that makes an animal with extirpated cerebral hemispheres 
disabled, incapable of a self-dependent existence. The 
basic physiological function of the cerebral hemispheres 
throughout the subsequent individual life consists in a 
constant addition of numberless signalling conditioned stim- 
uli to the limited number of the initial, inborn uncondi- 
tioned stimuli, in other words, in constantly supplementing 
the unconditioned reflexes by conditioned ones. Thus, the 
objects of the instincts exert an influence on the organism 
in ever-widening regions of nature and by means of more 
and more diverse signs or signals, both simple and more 
complex; consequently, the instincts are more and more 
fully and perfectly satisfied, i.e, the organism is more 
reliably preserved in the surrounding nature. 

The basic condition for the formation of a conditioned 
reflex is a single or repeated coincidence in time of indif- 
ferent stimuli with unconditioned reflexes. This is ithe same 
principle of coincidence in time, on the basis of which 
groups of various agents or elements of nature, both simul- 
taneous and consecutive, are synthesised by the animal 
into units. In this way the synthesis is effected in general. 

But owing to the complexity of the permanent movement 
and variation of the natura] phenomena, the conditioned 
reflex must, of course, also undergo certain changes, i.e., 
be constantly corrected. If for some reason or other the 
conditioned stimulus in the given conditions is not accom- 
panied by its unconditioned stimulus, then, when repeated, 
it quickly loses its effect, however, temporarily, being re- 
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stored spontaneously, after a certain lapse of time. If the 
conditioned stimulus constantly and greatly precedes in 
time the moment when the unconditioned stimulus is add- 
ed, then its distant part, which is, so to speak, premature 
and violates the principle of economy, proves ineffective. 
When the conditioned stimulus, connected with another 
indifferent one, is permanently not accompanied by an un- 
conditioned stimulus, it remains, in this combination, inef- 
fective. Finally, if agents closely akin to the given elabo- 
rated conditioned stimulus (for example, close tones, other 
spots of the skin, etc.) are usually effective immediately 
after the elaboration of the first one, they gradually lose 
their effect when repeated later on without the accom- 
paniment of the unconditioned stimulus, or, in our usual 
terminology, without reinforcement. All this ensures the 
differentiation, the analysis of the surrounding world with 
all of its elements and moments. 

In the long run, the cerebral hemispheres of the dog 
constantly effect in the most varying degrees both the 
analysis and synthesis of stimuli coming to them, and this 
can and must be termed elementary, concrete thinking. 
And it follows that this thinking is responsible for the 
perfect adaptation of the organism, for its more delicate 
equilibration with the environment. 

This real activity of the cerebral hemispheres and of the 
nearest subcortex, just described in general outline, the 
activity which ensures normal complex relations between 
the organism as a whole and the external world, must be 
rightly considered and denoted as higher nervous ac- 
tivity, the external behaviour of the animal, instead of 
“psychical” as it was termed previously; it should be dis- 
tinguished from the activity of other parts of the brain and 
of the spinal cord which are mainly in charge of the corre- 
lations and integration of separate parts of the organism; 
this activity should be termed the lower nervous activity. 

Now the following questions arise: What intrinsic proc- 
esses and laws govern the higher nervous activity? What 
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has it in common with, and how does it differ from, the 
lower nervous activity which until now has been the pre- 
dominant object of physiological study? 

The basic processes of the entire central nervous activ- 
ity are, obviously, always the same, namely, the excita- 
tory and inhibitory processes. There are sufficient grounds 
for assuming that the fundamental laws governing these 
processes are also of a constant nature—irradiation and 
concentration of the processes and their reciprocal induc- 
tion. 

It seems to me that experiments with conditioned re- 
flexes on the cerebral hemispheres, given normal condi- 
tions, permit a more complete and exact formulation of 
these laws than was possible on the basis of experiments 
performed mainly on the lower parts of the central nervous 
system, and which, in most cases, were acute experiments, 

Concerning the cerebral hemispheres we can say that 
the following phenomenon is observed in them: when the 
excitatory and inhibitory processes are weak, then, under 
the action of corresponding stimuli there takes place ir- 
radiation, diffusion of the processes from the point of 
origin; when they are of medium strength, a concentration 
of the processes occurs at the point of application of the 
stimulus, and when they are very strong, irradiation is 
again in evidence. 

In the entire central nervous system, on the basis of 
irradiation of the excitatory process, a summation reflex 
sets in, i.e, a Summation of the spreading wave of excita- 
tion with a local manifest or latent excitation; in the lat- 
ter case the latent tonus becomes revealed—a phenome- 
non already known for a long time. While in the cerebral 
hemispheres the confluence of waves irradiating from 
various points leads to a quick development of a tempora- 
ry connection, to an association of these points, it bears 
a momentary, transient character in the remaining part 
of the central nervous system. This connection in the 
cerebral hemispheres probably owes its emergence to their 
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extremely high reactivity and ability to impress, and is a 
permanent and inherent property of this part of the central 
nervous system. Moreover, in the cerebral hemispheres the 
irradiation of the excitatory process instantly and for a 
short period of time eliminates, washes off the inhibition 
from the inhibitory, negative points of the hemispheres, 
converting these points for the same period of time into 
positive ones. This phenomenon is called disinhibition. 

Under the irradiation of the inhibitory process there is 
observed a decline or complete disappearance of the ef- 
fect of the positive points and an increased effect of the 
negative points. 

When the excitatory and inhibitory processes are con- 
centrated, they induce the opposite processes (both at the 
periphery during their action and in the place of action upon 
its termination); this is the law of reciprocal induction. 

In the entire central nervous system when there is a 
concentration of the excitatory process, we meet with 
phenomena of inhibition. The point of concentration of 
the excitation is encircled to a greater or lesser extent by 
the inhibitory process; this is the phenomenon of negative 
induction. This phenomenon manifests itself in all reflexes, 
develops at once and in full measure, persists for some 
time after the termination of excitation and exists both 
between the small points and the large parts of the brain. 
We call this external, passive, unconditioned inhibition. 
This phenomenon, which has also been known for a long 
time, was sometimes called the conflict of centres. 

There are in the cerebral hemispheres also other kinds 
or cases of inhibition, in all probability, having one and 
the same physicochemical substratum. This is, in the first 
place, the inhibition effecting the correction of the con- 
ditioned reflexes, already mentioned and arising when the 
conditioned stimulus in the above-indicated conditions is 
not accompanied by its unconditioned stimulus; it gradual- 
ly grows, becomes stronger and can be trained and per- 
fected; this, too, is due to the exceptional reactivity of 
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the cortical cells, and hence to the particular lability of 
inhibition in them. We call this inhibition internal, active, 
conditioned. The stimuli, which are thus converted into 
permanent agents of inhibition in the points of the cerebral 
hemispheres, are called by us inhibitory, negative. Similar 
inhibitory stimuli can be also obtained in another way—if 
we repeatedly apply indifferent stimuli during the inhibito- 
ry state of the cerebral hemispheres (experiments of Prof, 
Volborth), As is known, the initial inhibitory reflexes are 
also developed in the lower parts of the brain and in the 
spinal cord; but here they appear at once in a finished and 
stereotyped form, while the same inhibitory reflexes of the 
cerebral hemispheres arise gradually and are always ob- 
served by us in the process of formation. 

There is one more case of inhibition in the cerebral 
hemispheres, All other conditions being equal, the effect 
of conditioned stimulation, as a rule, is proportionate to 
the intensity of the physical strength of the stimulus, but 
to a certain maximum (and probably to a certain minimum, 
too). Beyond this limit the effect does not increase; it 
either remains unchanged or declines. We have grounds 
for assuming that beyond this margin the stimulus together 
with the excitatory process evoke also an inhibitory proc- 
ess. We interpret this fact in the following way. The cor- 
tical cell possesses a certain limit of efficiency, and beyond 
this point there arises inhibition which prevents an exces- 
sive functional exhaustion of the cell. The limit of efficien- 
cy is not constant; it undergoes both acute and chronic 
changes—in cases of inanition, hypnosis, disease and in 
old age. This inhibition, which can be called transmarginal, 
arises sometimes instantaneously and sometimes mani- 
fests itself only when the super-powerful stimuli are re- 
peated, It can be assumed that analogical inhibition also 
exists in the lower parts of the central nervous system. 

Peculiar internal inhibition could also be considered as 
transmarginal inhibition, in which case the intensity of 
excitation is, as it were, replaced by its long duration. 
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Any inhibition irradiates in the same way as excitation 
but the irradiation of internal inhibition is particularly 
distinct in the cerebral hemispheres where it is very easily 
observed in various forms and degrees. 

There is no doubt that inhibition, when spreading and 
deepening, calls forth different degrees of a hynotic state, 
and when irradiating to the utmost from the cerebral 
hemispheres down the brain, produces normal sleep. Par- 
ticularly manifest, even in our dogs, is the diversity and 
multiplicity of the stages of hypnosis, which at first hardly 
differs from the wakeful state. In respect of intensity of 
inhibition the following stages are worth mentioning: the 
so-called equalisation, paradoxical and ultraparadoxical 
phases. Now conditioned stimuli of different physical’ 
strength produce either an equal, or even an inversely 
proportional effect; in rare cases only the inhibitory stimuli 
act positively, and the positive stimuli are converted 
into inhibitory ones. In respect of extensity of inhibition, 
functional dissociations in the cortex itself are observed, 
as well as between the cortex and the lower parts of the 
brain. In the cortex the motor region is particularly often 
isolated from other regions, and even within this region a 
distinct functional dissociation sometimes comes to the fore. 

Unfortunately, the rivalry of what the clinicians and 
some experimenters designate “the centre of sleep” pre- 
vents these facts from being generally recognised and 
properly utilised for an understanding of the multitude of 
physiological and pathological phenomena. However, it is 
not difficult to reconcile and combine these facts, Sleep can 
be originated in.two ways——either by irradiation of inhib- 
ition from the cortex, or by limiting the stimulations 
reaching the higher parts of the brain both from without 
and from within the organism. Striimpell®! long ago pro- 
duced sleep in a patient by means of drastic limitation of 
external stimulations. Recently Prof. Speransky and Galkin62 
by means of a peripheral destruction of the olfactory, 
auditory and visual receptors in dogs obtained a very 
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deep and chronic sleep (lasting weeks and months). 
Similarly, as a result of a pathological or experimental 
exclusion of stimulations, constantly reaching the higher 
part of the brain there sets in due to the vegetative activ- 
ity of the organism an exaggerated and more or less pro- 
found and chronic sleep. It can be recognised that in some 
of these cases too, sleep, in the final stage, is produced 
by similar inhibition which becomes predominant when the 
number of stimuli is limited. 

The law of reciprocal induction begins to operate when 
there is a concentration of the inhibitory process, just as it 
does when there as a concentration of the excitatory proc- 
ess. The point of concentration of the inhibition is ito 
a greater or lesser extent encircled by the process of height- 
ened excitability; this is the phenomenion of positive in- 
duction. The heightened excitability arises either instantly 
or gradually and persists not only during the action of in- 
hibition, but for some time after, and in some cases even 
for a quite considerable length of time. The positive in- 
duction manifests itself between the small points of the 
cortex, when the inhibition is fragmentary, as well as be- 
tween the large parts of the brain, when it is more diffused. 

The permanent operation of the above-mentioned laws 
helps us to understand the mechanism of the origin of the 
numerous separate phenomena (among which are many 
peculiar, at first sight enigmatic, phenomena) of the higher 
nervous activity; however, I cannot dwell on them here. 
I shall refer only to one of a series of similar cases which 
for a long time completely baffled comprehension. It re- 
lates to the complex influence of accessory stimuli on the 
delayed conditioned reflex (experiments performed a long 
time ago by our colleague Zavadsky). 

Let us suppose that a delayed conditioned reflex is being 
elaborated, the conditioned stimulation constantly lasting 
three minutes before the unconditioned stimulus is added 
to it, When such a reflex has been elaborated, the condi- 
tioned stimulus does not produce any effect during the first 
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minute. Half-way through or towards the end of the sec- 
ond minute the stimulus begins to produce a certain 
effect, and maximum effect is attained only during the 
third minute. Thus, the conditioned reflex consists of two 
external phases—ineffective and effective. Special exper- 
iments, however, have established that the first phase is 
not a zero phase, but an inhibitory one. 

Now, if simultaneously with the conditioned stimulus 
there are applied accessory stimuli of different intensity 
calling forth only an orienting reaction, a number of 
changes are observed in the delayed reflex. When the stim- 
ulation is weak the ineffective phase becomes effective, 
that is, the special effect of the conditioned stimulus is man- 
ifested; the effect of the second phase either remains un- 
changed or is slightly increased. 

When the stimulation is more intense the same thing 
occurs with the first phase, but the effect of the second 
phase drastically declines. Under the strongest stimula- 
tion the first phase again remains ineffective, while the 
effect of the second completely disappears. At present, on 
the basis of the latest, not yet published, experiments car- 
ried out by our colleague Rikman, we interpret all these 
phenomena as a result of the operation of the following 
four laws: 1) irradiation of the excitatory process, 2) neg- 
ative induction, 3) summation, and 4) the law of maxi- 
mum. Given a weak orienting reflex the spreading wave of 
excitation eliminates the inhibition of the first phase; this 
reflex, which soon all but disappears when the same stim- 
ulation is continued, either does not influence the second 
phase at all, or, owing to a slight summation, somewhat 
intensifies it. With a more considerable orienting reflex the 
effect persists longer; consequently, along with the disinhib- 
ition of the first phase, due. to a considerable summation 
of the effective phase of the conditioned reflex with the 
irradiated wave of excitation of the orienting reflex, trans- 
marginal inhibition takes place during the last minute of 
the delayed reflex, Finally, given a very strong orienting 
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reflex there takes place a complete concentration of excita. 
tion accompanied by a strong negative induction which 
merges with the inhibition of the first phase and abolishes 
the effective phase. 

Despite the fact that a multitude of particular relations 
between the excitatory and inhibitory processes have been 
studied by us, the general law of the interconnection of 
these processes Cannot, as yet, be exactly formulated. As 
for the profound mechanism of both processes, many of 
our experimental facts incline us to the point of view that 
the inhibitory process is probably connected with assimi- 
lation, just as the excitatory process is naturally connected 
with dissimilation, 

As for the so-called voluntary volitional movements, in 
this field, too, we have accumulated some material. In 
keeping with earlier investigations we have shown that 
the motor region of the cortex is first of all a receptor 
one, like all its other regions—visual, auditory, etc., since 
the animal’s passive movements, i.e., the kinesthetic stimuli 
of this region can be transformed by us into conditioned 
stimuli in the same way as all external stimuli. Another 
ordinary phenomenon, reproduced by us also in the labo- 
ratory, is the temporary connection established between 
various external stimuli and passive movements which in 
response to certain signals evokes definite active move- 
ments of the animal. However, it is still not clear whether 
the connection between the kinesthetic stimulus and the 
corresponding motor action is of an unconditioned or of a 
conditioned character. Beyond this extreme point the 
entire mechanism of volitional movement is a conditioned 
associative process which obeys all the above-mentioned 
laws of the higher nervous activity. 

The cerebral hemispheres. are continually receiving 
countless stimuli both trom the external world and the 
internal medium of the organism itself. These stimuli are 
conducted from the periphery along definite and numerous 
paths and, consequently, they first of all come to definite 
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points and areas in the mass of the brain. Thus we have 
before us in the first place a highly complex structure, 
a mosaic, Countless and varied positive processes enter 
the cortex along the conductor paths, and in the cortex 
itself they are joined by inhibitory processes. From each 
of the separate states of the cortical cells (and there is 
an infinite number of such States) a specific conditioned 
stimulus may arise, as constantly observed by us in the 
course of our investigation of the conditioned reflexes, All 
these meet, collide, must come together and be systema- 
tised. Thus, in the second place, we have a vast dynamic 
system.63 We observe and study in the conditioned 
reflexes of our normal dogs this continual systemati- 
sation of the processes, this, one may say, constant ten- 
dency towards a dynamic stereotype. Here is a most illus- 
trative fact. If we elaborate in an animal a number of con- 
ditioned positive as well as inhibitory reflexes from stimu- 
li of different intensity, and apply them during a certain 
period of time from day to day at regular intervals be- 
tween the stimuli and always in a definite order, we estab- 
lish thereby a stereotype of processes in the cerebral 
hemispheres, This can be easily demonstrated. If we now 
repeatedly apply throughout the experiment at equal inter- 
vals only one of the positive conditioned stimuli (better, 
one of the weak stimuli), it will reproduce in the proper 
sequence the fluctuations in the strength of the effects, as 
they were represented by the entire system of the various 
acting stimuli. 

Not only the establishment, but a more or less lasting 
maintenance of the dynamic stereotype, is a nervous task 
of considerable difficulty, the degree of which depends on 
the complexity of the stereotype and on the individuality 
of the animal. There are, of course, nervous tasks the solu- 
tion of which requires even from animals of the strong 
nervous type painful efforts. Other animals react to any 
simple change in the system of conditioned reflexes, such 
as the introduction of a new stimulus, or even to a certain 
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transposition of the old stimuli, by complete loss of the 
conditioned reflex activity, sometimes lasting for a consider- 
able period. Some animals can retain the proper system 
only if there are recesses in the experiments, i.e., if they 
are allowed certain rest. And finally, some animals show 
regular work only under a very simplified system of 
reflexes, consisting, fer example, of two stimuli, both of 
them positive and of equal intensity. 

Tt can be assumed that the nervous processes in the 
cerebral hemispheres, when establishing and maintaining 
a dynamic stereotype, are what we usually call senses in 
their two categories—positive and negative, and their ex- 
tensive gradation of intensity. The processes of establish- 
ing a stereotype, of fully accomplishing it, of its mainte- 
nance and derangement are subjectively different positive 
and negative senses, and that has always been manifested 
in the motor reactions of the animals. 

Our entire work gradually enabled us to establish 
various types of nervous system in our animals. Since the 
cerebral hemispheres are the most reactive and supreme 
part of the central nervous system, their individual prop- 
erties, naturally, must determine to a great extent the 
principal nature of the general activity of each animal. 
Our systematisation of types coincides with the ancient 
classification of the so-called temperaments. There is the 
type with a strong excitatory process, but a relatively weak 
inhibitory process, Animals belonging to this type are ag- 
gressive and unrestrained. We call them strong and 
excitable or choleric. Next comes the type of strong and 
at the same time equilibrated animals, in which both proc- 
esses are of equal strength. This is an easily disciplined 
and highly practical type which is met in two variations— 
quiet, sedate animals and active, lively ones. We name 
them respectively phlegmatic and sanguine, And finally, 
there is the weak inhibitable type, in which both proc- 
esses are weak. We call such animals weak and also inhibi- 
table since they are highly susceptible to external inhibi- 
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tion. They are cowardly and fussy and can be also charac- 
terised as melancholic, since everything constantly upsets 
them. 

That our investigation of the higher nervous activity has 
taken the right road, and our definition of its phenomena, 
as well as our analysis of its mechanism are correct, is 
most convincingly proved by the fact that at present we 
are able in many cases to produce with great exactitude 
its functional chronic disturbances, and at the same time 
subsequently to obtain a return to the normal at will. We 
know which type of our animals can be easily turned into 
neurotics, we know how to achieve this, and the kind of 
disorder that will set in. The strong, but unequilibrated, 
excitable and weak inhibitable types prove to be the best 
objects for the elaboration of experimental neuroses. If 
an excitable animal is persistently offered such tasks, the 
solution of which requires strong inhibition, then it loses 
it completely and is deprived of the ability to correct the 
conditioned reflexes, i.e., ceases to analyse, to distinguish 
the stimuli reaching it as well as the intervals of time. 
Stimulations produced by the strongest agents have no 
noxious pathological influence in this case. With equal 
ease the weak inhibitable type becomes ill both under 
slightly strained inhibition and under the action of very 
strong stimuli; it either fully loses its conditioned reflex 
activity under our experimental conditions, or manifests it 
in a chaotic way. As for the animals of the equilibrated 
type, we did not succeed in inducing nervous disorders 
in them even by colliding the opposite processes, which 
is a particularly morbific method. 

Bromide proved to be the most reliable remedy against 
neuroses, just as it is in the human clinic; as shown by 
our numerous and in many respects instructive experi- 
ments, it has a special bearing on the inhibitory process, 
greatly tonifying it. However, very strict dosage is essential; 
for the weak type the dose of bromide must be from five to 
eight times smaller than that for the strong type. Rest, 
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Le, a recess in the experiments, often produces good 
results, 

Among animals of the weak type there are frequent in- 
stances of natural neurotics. ~ 

We already have and we can even produce certain 
symptoms of psychotics: nLeteOlyDy, negativism and cir- 
cularity. 

Last year I specially acquainted myself with the clinic 
of human hysteria, which is regarded as being entirely or 
predominantly a mental disease, as a psychogenic reac- 
tion to the surroundings; as a result, I have become con- 
vinced that its symptomatology can, without any hesitation, 
be interpreted physiologically, from the point of view of 
the described physiology of the higher nervous activity, 
and JI have expressed the conviction in the press.®* How- 
ever, some particulars of this symptomatology made us 
guess the existence of an addition which should be taken 
into consideration in order to get a general idea of the 
human nervous activity as well.65 This addition relates to 
the speech function, which signifies a new principle in 
the activity of the cerebral hemispheres. If our sensations 
and notions caused by the surrounding world are for us 
the first signals of reality, concrete signals, then speech, 
especially and primarily the kinesthetic stimuli which pro- 
ceed from the speech organs to the cortex, constitute a 
second set of signals, the signals of signals. They repre- 
sent an abstraction from reality and make possible the 
forming of generalisations; this constitutes our extra, 
specially human, higher mentality creating an empiricism 
general to all men and then, in the end, science, the in- 
strument of the higher orientation of man in the surround- 
ing world and in himself. The extreme fantasticism, the 
twilight states of hysterical persons, and the dreams of 
all men, are nothing more than the vitalisation of the imag- 
inative and concrete first signals, as well as of the emo- 
tions; the oncoming hypnotic state first of all switches off 
the organ of the system of the second signals—the most 
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reactive part of the brain, which always predominantly 
functions in the wakeful state, and which regulates, and 
at the same time to a certain degree inhibits both the 
first signals and emotional activity. 

The frontal lobes, in all probability, represent the organ 
of this additional purely human mentality, but it can be 
assumed that it is subordinated to the same general laws 
of the higher nervous activity. 

The foregoing facts, as well as the considerations based 
on them, are bound to lead to the closest connection 
between physiology and psychology—a development par- 
ticularly observed in American psychology. In the 1931 Ad- 
dress of Walter Hunter, President of the American Psycho- 
logical Association, despite strenuous efforts on the part 
of the speaker—-who is a psychologist-behaviourist—to 
detach physiology from his psychology, it is absolutely 
impossible to see any difference between them. But even 
psychologists not belonging to the camp of behaviourists 
admit that our experiments with the conditioned reflexes 
have been of great help to the association theory of the 
psychologists. Other facts of a like nature could be cited. 

I am convinced that an important stage in the develop- 
ment of human thought is approaching, a stage when the 
physiological and the psychological, the objective and the 
subjective, will really merge, when the painful contradic- 
tion between our mind and our body and their contraposi- 
tion will either actually be solved or disappear in a natural 
way. Indeed, when the objective study of the higher ani- 
mals, for example, the dog, reaches the level when the 
physiologist is able to foresee with absolute exactitude the 
behaviour of this animal under any conditions (and this 
level will be reached), then what will be left to prove the 
independent, separate existence of the subjective state, 
which the animal, of course, possesses but which is as 
peculiar as our own? When that occurs will not the activity 
of any living thing, man included, be indispensably regard- 
ed by us as a single, indivisible whole? 


EXAMPLE OF AN EXPERIMENTALLY PRODUCED 
NEUROSIS AND ITS CURE IN A WEAK TYPE 
OF NERVOUS SYSTEMS 


Last year I reported to the International Neurological 
Congress in Bern on our experimental neuroses only in 
most general outlines. Today I shall cite in detail an indi- 
vidual example of neurosis but recently thoroughly stud- 
ied by Petrova, one of my oldest and most valuable col- 
laborators. 

In questions of pure experimental neuroses we cannot 
fail to begin with the question of the types of nervous sys- 
tem of animals (in our case—dogs). We distinguish three 
basic types: strong, even very strong, but unbalanced, in 
which inhibition is weak in relation to the excitatory proc- 
ess; strong and balanced, i.e., with both antagonistic proc- 
esses on the same level, and weak, i.e., with both weak 
processes, but sometimes with either one or the other par- 
ticularly weak. Of course, there are also different degrees 
or variations of these types, especially, the weak type. We 
have a considerable number of tests by which we deter- 
mine these types and their degrees. We elaborate these 
tests gradually and in some cases must use them all for 
an unmistakable diagnosis. 

Until now we have been able to produce pure experi- 
mental neuroses, i.e., caused only by difficult conditions of 
nervous activity, difficult nervous tasks, without any or- 
ganic disorders only in the animals of the extreme types. 
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In them we can do it easily and by several methods. I shall 
now describe a case of a repeated neurosis in a dog of the 
weak type. 

This dog looks like a cross between a mongrel and a 
fox terrier and weighs about 12 kg. By outward behaviour, 
work with conditioned (food) reflexes and some tests as 
to type, this dog was at first taken to be even a strong and 
balanced animal, but two subsequent tests, incontestably 
characterised it as a weak type. These were increased food 
excitability (leaving the dog without food on the eve of 
the experiment) and administration of considerable doses 
of bromides. 

With increased food excitability in animals of strong 
types, either the effects of all conditioned positive stim- 
uli increase (if the effects of the strong are not marginal), 
or (on the contrary) only the effects of the weak ones ap- 
proximate to the strong. 

Even large doses of bromides administered daily for 
many weeks and even months produce no impression on 
them, whereas in the strong and unbalanced types they 
produce even a useful effect, strengthening their inhibitory 
function and thus helping to regulate their nervous activity. 

In our dog both these methods resulted in diminution, 
disturbance of the conditioned reflex activity: the effects 
of the positive stimuli diminished and the negative stimuli 
ceased to evoke total inhibition. In this case it was found 
that by gradually reducing the dose of bromides it was 
possible to reach a dose which was not only well tolerated, 
but which also somewhat improved the nervous activity. 
Earlier we made a mistake in our conclusion at this point: 
without suitably dosing the bromides we thought that for 
weak animals bromides were never beneficial and in a larg- 
er dose were even harmful. 

Thus our animal belongs to the weak type, but of a mod- 
erate degree. Under usual conditions it works quite sat- 
isfactorily, since the system of six positive stimuli of dif- 
ferent quality and strength and one negative, inhibitory 
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stimulus, stereotypically reproduced in the same succes- 
sion and with the same intervals between the stimuli every 
day, constantly produces the same corresponding effects 
in this dog. The behaviour of the dog during the experiment 
is rather alert and uniform. In other words, it is an object 
fit for studying the conditioned reflexes. We have observed 
this situation for a period of 5 months. 

Then we produce the neurosis. 

Until now the inhibitory stimulus always acted only for 
a period of thirty seconds. During the next experiment we 
continue it for five minutes, The next day we repeat a five- 
minute inhibition. And this is enough radically to change 
everything in the dog, to make the dog acutely ill. 

Not a trace has been left of the regular work with con- 
ditioned reflexes. Each day there is a new picture of the 
work. All the positive reflexes have uncommonly dimin- 
ished and some have disappeared altogether. The inhibi- 
tory reflex has become disinhibited. Sometimes the ultra- 
paradoxical phase comes to the fore, i.e., the positive stim- 
ulus remains ineffective, and the mbhibitory stimulus dif- 
ferentiated from it produces a positive effect. During the 
experiment the dog is extraordinarily excited, sometimes it 
has intense dyspnoea, and is very uneasy, or falls deeply 
asleep and snores, or manifests the highest degree of ex- 
citatory weakness by reacting sharply to the most negli- 
gible variation in the situation. It often refuses food, which 
is usually offered after each positive conditioned stimulus. 
In a word, any systematic work with conditioned reflexes 
on this dog is out of question and only a constantly extreme- 
ly chaotic state of nervous activity is observed. The same 
thing is observed in the general behaviour of the dog. 
It has become difficult to put the dog in the stand and 
make it ready for the experiment, as well as to take it out 
of the stand after the experiment, because it is very impa- 
tient and unrestrained. Out in the open it also behaves very 
unusually and even strangely: for example, sprawling on 
the floor it lies on one side and in this manner reaches out 
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to somebody, etc., something it was never observed to do 
before. The attendants who bring the dog and take it away 
say that it has become rather mad. 

Neither suspension of the experiments, i.e., rest, nor 
discontinued application of the inhibitory stimulus with its 
positive stimulus have exerted any favourable influence 
on the state of the animal. This state has not in any way 
improved and, rather deteriorating, has lasted for two 
months. 

Then we have instituted treatment, Thirty or forty min- 
utes before each experiment we give the dog 0.5 g of sodium 
bromide. Improvement is clearly marked on the following 
day and on the third day the dog becomes normal in every 
respect. Administration of bromides is discontinued after 
twelve doses. The dog is normal for another ten days. 

We perform another experiment. 

Among the old conditioned positive stimuli, instead of 
the loud, although not particularly loud, crackling, we use 
for 30 seconds, like all the other positive stimuli, extraor- 
dinarily loud crackling, which even our ears can barely 
tolerate, and then offer to the dog some food. The dog dis- 
plays an intense reaction of fear, tries to get out of the 
stand and does not take food even after cessation of the 
stimulus. However, it responds with the usual reaction and 
takes food to the two usual stimuli that follow. Alpplication 
of the extraordinary stimulus is limited to this one inci- 
dent, but the following day the afore-described patholog- 
ical state of the dog fully returns and, despite the addi- 
tional interruptions for long periods (10-15 days) and reg- 
ular rests for one or two days this state has persisted un- 
changed for more than a month. 

The dog is given the same dose of bromides again; im- 
provement is noted on the third day and towards the sixth- 
eighth day we have a quite healthy, normal] animal. After 
ten doses administration of bromides is suspended. 

We have thus ended the experiments before the begin- 
ning of our present vacations. 
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I think we can say without exaggeration that these ex- 
periments are, as it were, of a machine character, In the 
first place they show two disease-producing factors for 
the nervous system: overstrain of the inhibitory process 
and very strong external stimulation. Then, as a thera- 
peutic factor, the great importance of restoring and 
strengthening the inhibitory process is clearly emphasised 
in both cases, since, on the basis of many of our other expe- 
riments, besides the foregoing experiment, we must ascribe 
to bromides a direct bearing on the inhibitory process, 
precisely as an agent which restores and strengthens it. 
And, lastly, exact doses of bromides corresponding to the 
types and degrees of nervous system must be considered of 
paramount importance. ° 


FEELINGS OF POSSESSION 
(LES SENTIMENTS D’EMPRISE) 
AND THE ULTRAPARADOXICAL PHASES? 


(Open Letter to Prof, Pierre Janet) 


Would you deem it interesting to print this letter in your 
journal and at the same time express your views on the 
points made by me after careful study of the article pub- 
lished by you last year: ‘Emotions of the Persecution De- 
lusion’’? 

I am a physiologist and of late, together with my col- 
leagues, have devoted myself exclusively to study of the phy- 
siological and pathological work of the higher part of the 
central nervous system in higher animals (dogs), which 
corresponds to our higher nervous activity, usually called 
psychical activity. You are a neurologist, psychiatrist and 
psychologist. It seems that we should give proper consid- 
eration to our reciprocal work and co-operate in our re- 
search, for, after all, we are investigating the activity of 
one and the same organ (concerning which there can hardly 
be any doubt now). 

The third part of your article attempts to interpret the 
feelings of possession. The basic phenomenon is that the 
patients objectivise their weakness, their imperfections, 
and attribute them to others. They want to be independent, 
but they are adamant in believing that other people regard 
them as slaves who are obliged to execute orders. They 
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want to be respected, but it seems to them that they are 
being insulted. They want to have their own secrets, but 
it appears to them that their secrets are constantly being 
disclosed. Like everybody else, they have their own inti- 
mate thoughts, but in their imagination these thoughts are 
being stolen from them. They have annoying habits or pain- 
ful fits, but they ascribe them to other people. 

You interpret this phenomenon in the following way. 
Many of the ordinary circumstances of life are very dif- 
ficult, unbearable and painful for these patients. For in- 
stance, the presence at the dinner table of two ladies of 
the patient’s acquaintance, towards whom she had never 
been ill-disposed before. This constant difficulty and the 
natural frequent failures fill the patients with anxiety and 
fear, and inspire in them the desire to get away from it 
all. Like children or savages, they attribute all their trou- 
bles 1o the malignant actions of others, and this signifies 
deliberate objectification. Further, you devote attention 
to the following detail: in all the cases cited by you, we 
have to do, in your terminology, with binary social acts: 
to be master or slave, give or steal, strive for solitude or 
seek company, etc. These contrasts are confused by the 
patients when they are in a state of depression, the dis- 
agreeable opposite usually bearing an objective character 
and relating to other people. For example, the patient pas- 
sionately wants to be alone, locked up in her room, and 
actually she remains alone, but she is tortured by the 
thought that some malevolent person has contrived to get 
into the room and is watching her. 

One cannot but agree with all the foregoing, which rep- 
resents an extremely interesting psychological analysis. 
But I take the liberty of disagreeing with you on the inter- 
pretation of the last point. You repeat more than once 
that, contrary to the general belief, these contrasts are not 
so easily distinguishable. You say: “To tell and to be told 
form a single whole and the one is not easily distinguished 
from the other, as is usually believed.” And further: “The 
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act of insulting and the act of being insulted are united by 
the general concept of insult; but the disorder shows that 
they may be confused, that one may be mistaken for the 
other.”’ You explain this confusion by a rather complex 
combination of feelings. 

Availing myself of the facts established and systematised 
by you, I have resolved to take another way and to inter- 
pret them physiologically. 

Our general notion (category) of contraposition is one 
of the fundamental and indispensable general notions, 
which, along with all others, facilitates and controls nor- 
mal thinking and even makes it possible, Our attitude to- 
wards the surrounding world, social environment included, 
as well as towards ourselves, would be distorted to a very 
great degree if there were constant confusion of opposites: 
I and not I; mine and yours; I am simultaneously alone and 
in company; I offend and I am offended, etc. Consequently, 
there must be a profound reason for the disappearance or 
weakening of this general notion, and, in my opinion, this 
reason can and must be sought in the fundamental laws of 
nervous activity. I think that in present-day physiology 
there are definite indications to this effect. 

In the course of our study of the higher nervous activi- 
ty by the method of conditioned reflexes we observed and 
investigated in our experimental animals the following pre- 
cise facts. In different staLes of depression, inhibition (more 
often in various hypnotic states) the equalisation, paradox- 
ical and ultraparadoxical phases are manifest. This signi- 
fies that the cortical nervous cells, instead of normally 
producing (within certain limits) effects proportional to 
the intensity of the stimulating agents, in states of various 
inhibition, begin to produce effects either of equal strength, 
or inversely proportional to the intensity of the stimulus, 
and even of an entirely opposite character; this means that 
the inhibitory stimuli produce a positive effect, and the pos- 
itive stimuli a negative effect. I make so bold as to sup- 
pose that it is precisely this ultraparadoxical phase which 
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causes the weakening of the notion of contraposition in 
our patients. 

All the conditions necessary for the development of an 
ultraparadoxical state in the cortical cells of our patients, 
are in evidence and have been clearly established by you. 
When these patients, being of weak constitution, come up 
against a multitude of life situations, they easily fall into 
a state of depression, anxiety and fear; they can, however, 
still desire or not desire something, they have their emo- 
tionally-reinforced and possibly concentrated ideas of what 
is desirable or undesirable (I am the master, not the slave; 
I want to be alone and not in company; I want to have se- 
crets, etc.). And in such conditions this is sufficient to 
evoke in a fatal way an opposite idea (I am a slave; there 
is always somebody near me; all my secrets are being dis- 
closed, etc.). 

The physiological explanation of this phenomenon would 
be as follows, Let us suppose that a definite frequency of 
the metronome acts as a conditioned food positive stimu- 
lus, since its application is accompanied by feeding and, 
because of this, evokes a food reaction. Another frequency 
of the metronome acts as a negative stimulus, since it 
is not reinforced by feeding and produces, therefore, a neg- 
ative reaction: the animal turns away when it is applied. 
The frequencies of the metronome beats constitute a phy- 
siological pair, the components of which, being opposites, 
are associated and at the same time reciprocally induced, 
ie., one frequency stimulates and reinforces the action of 
the other. This is an exact physiological fact. Further, if a 
positive frequency acts on a cell which for some reason 
or other is in a weak state (or in a hypnotic state), then this 
frequency, according to the law of maximum, which is also 
a strictly established fact, inhibits the cell. This inhibition, 
in conformity with the law of reciprocal induction, con- 
ditions a state of excitation instead of inhibition in the 
other component of the associated couple. That is why the 
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stimulus related to the latter now provokes excitation, not 
inhibition. 

This is the mechanism of negativisim or contralism. 

If food is offered to a dog when it is in a state of inhi- 
bition (or hypnosis), i.e., when you induce it to positive 
activity—to the act of eating—it turns away and rejects 
the food. But when the food is moved away, ie, when you 
give the dog a negative impulse aimed at inhibiting the cor- 
responding activity, at discontinuing the act of eating, the 
dog, on the contrary, begins to reach for the food. 

Evidently this law of reciprocal induction of opposite 
actions must also be applied to contrary ideas, which, 
naturally, are connected with definite (verbal) cells and 
also constitute an associated pair. Due to a state of depres- 
sion or inhibition (in our experiments any difficulty aris- 
ing in the higher nervous activity is usually reflected by 
inhibition), more or less intense stimulation of one idea 
leads to its inhibition and, by means of the same mecha- 
nism, induces the opposite idea. 

It is easy to see that this explanation naturally em- 
braces the peculiar symptom of the schizophrenics 
ambivalence—which arises under a highly extended and 
profound ultraparadoxical state. 

Many people, even scientifically-minded people, are 
moved almost to the point of anger by the attempts to give 
a physiological interpretation of psychical phenomena; they 
retort that such explanations are “mechanical”, since they 
want to stress as strongly as they can the obvious inapti- 
tude and absurdity of trying to link subjective feelings 
and mechanics, In my view this is an obvious misunder- 
standing. 

At present, of course, there can be no talk of represent- 
ing our psychical phenomena mechanically, in the full sense 
of the word. We are also far from being able to do this 
with regard to all physiological manifestations; the same 
thing applies, although in lesser degree, to chemical phe- 
nomena, and it applies fully to physical phenomena. A 
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truly mechanical interpretation is still the goal of natural- 
science research; the study of reality as a whole, including 
ourselves, is advancing very slowly towards this goal, and 
much time will be required before it is reached. Modern 
natural science as a whole is but a series of many stages 
of approximation to this mechanical interpretation, stages 
linked throughout by the supreme principle of causality 
or determinism, according to which there is no action with- 
out cause. 

And if possibilities are now opening up for explaining 
the so-called psychical phenomena physiologically, they 
can be regarded as a certain, slight, very slight degree of 
approximation towards a mechanical interpretation. It 
seems to me that in many cases these possibilities are open- 
ing up. 

Being now at the psychological stage of your research, 
you are interpreting the feelings of possession, establish- 
ing the conditions under which they arise, reducing them 
to their elementary components and, in this way, elucidat- 
ing their general structure, i.e., you are also dealing with 
their mechanics, with their general structure, but in your 
own way. I, in the physiological stage of my research, am 
trying to bring our common problem a bit nearer to true 
general mechanics, interpreting your fact concerning con- 
fusion of opposite ideas, as the specific interaction of ele- 
mentary physiological phenomena-——nervous excitation and 
inhibition, In their turn chemistry, and, finally, physics, 
will further disclose these phenomena and their mechan- 
ism, thus steadily approaching the solution of our prob- 
lem. 


ATTEMPT AT A PHYSIOLOGICAL INTERPRETATION 
OF COMPULSIVE NEUROSIS AND PARANOIAS8 


New laboratory facts obtained in studying conditioned 
reflexes on dogs served as the point of departure for a 
physiological interpretation of these pathological forms. 

When conditioned stimuli are elaborated from various 
external agents (let us take, for example, conditioned food 
reflexes), the first reaction to the formed conditioned stim- 
ulus is usually a movement towards this stimulus, ie, 
the animal turns to the location of this stimulus. When 
this stimulus is within our animal’s reach, the latter tries 
to come in contact with it, especially by its mouth; for 
example, if the conditioned stimulus is a flashing bulb, the 
dog licks it, and if the conditioned stimulus is sound, the 
dog even catches air with its mouth (in cases of very high 
food excitability). Thus the conditioned stimulus really 
fully replaces, as it were, food for the animal. With dif- 
ferent conditioned stimuli coming fyom different points in 
the environment the animal naturally turns to all of them. 

Among other stimuli a conditioned stimulus of extra- 
ordinarily weak noise coming from under the right side of 
the table on which the animal stood was formed in one of 
our dogs (I. Filaretov’s experiments). On perceiving this 
sound the animal stood on the very edge of the table, some- 
times even placed one of its legs beyond the edge of the 
table and lowered its head as much as possible towards the 
source of the sound. The other conditioned stimuli were 
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located in various other places, but the dog preferred to 
turn to the location of the noise even when the other stimu- 
li were used. 

This fact appeared particularly strange when the noise 
was no longer used as a conditioned stimulus during con- 
tinuation of the experiments with other stimuli, The motor 
reaction in the direction of the former location of the noise 
invariably existed and still continues to exist to date, 
eighteen months after suspension of this stimulus. During 
application of all the other stimuli, wherever they may 
have been, there was movement only in the direction 
of the location of the noise until the moment the dog 
was given food, when it, finally, turned to the feeding box. 

Towards the end of the usual interval between applica- 
tions of conditioned stimuli, i.e., before the next stimulus, 
dogs often develop certain food excitation (reflex of time) 
and turn to the location of the feeding box or to the loca- 
tion of Some other conditioned stimulus. This dog contin- 
ued to turn only to the location of the old noise. 

This reaction must apparently be recognised as patholog- 
ical, since it made no sense at all, ie., it was coarsely, 
sharply at variance with the actual relations. Regarding 
it as such we decided to cure it. And if we could cure it, 
it would, of course, be further confirmation of its undeni- 
able pathological character. We chose a suitable dose of 
bromides as a therapeutic agent, since we had already had 
many cases in which bromides had decisively helped in our 
experimental neuroses and even in certain inborn defects of 
the nervous system in general. Our expectations were justi- 
fied. The reaction sharply diminished. With other condi- 
tioned stimuli it disappeared altogether, giving way to a 
legitimate, appropriate motor reaction to the location of 
these stimuli. 

The same phenomenon was later also observed on some 
other dogs; in one of them bromides eliminated this abnor- 
mal reaction completely. 

It is clear that what we have in the afore-described 


810 


facts is a pathological disorder of the function of nerve 
cells, a change in the normal relations between the two as- 
pects of their activity (excitatory and inhibitory processes), 
i.e., the excitatory process abnormally prevailed. This was 
also attested by the favourable effect of bromides as an 
agent which is known to intensify the inhibitory function 
of the cell. 

Overstrain of the excitatory process must most appropri- 
ately be regarded as the cause of the pathological phenom- 
enon in the foregoing experiment, since the exceptional 
weakness of the external stimulus caused extraordinary 
strain of the orienting motor apparatus, the general loco- 
motor, as well as the special, i.e., adjusting apparatus of 
the receptor of the given stimulation. 

Another analogous fact was soon added to the afore- 
described fact. In one dog of the weak type, but of a 
stronger variant, and in castrated dogs of various types we 
attempted to investigate the solution of a difficult problem 
by them, namely, transformation of conditioned action into 
its opposite—a pair of metronomes with different frequen- 
cies of beats having antagonistic conditioned significance: 
positive and negative, i., transformation of a stimulus 
evoking the process of stimulation in the cerebral cortex 
into a negative stimulus, and of a stimulus eliciting the 
inhibitory process into a positive stimulus (Petrova’s ex- 
periments). For this purpose the metronome having a well- 
elaborated positive effect was now used without accompa- 
niment with food, and, contrariwise, with the inhibitory 
stimulus we now gave the dog food. In one of the castrates 
of an exceptionally strong type the transformation was 
quite successful; in the other animals experimented upon 
it seemed to begin, but then things came to a special pass. 
In some animals it even seemed that the aim was quite ac- 
complished: the use of metronomes produced results cor- 
responding to the new conditions of the experiment sev- 
eral times on end, but then, gradually or at once, everything 
completely returned to the old relations, although the trans- 
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formation procedure, already used dozens of times, was 
continued without interruption. 

What did this mean, then? Did everything concerning 
the character of the excitatory and inhibitory processes, 
now really remain unchanged in the cell despite the ex- 
ternal similarity in the action of the metronomes at this 
stage of the experiments with their former action? 

This had to be settled by a special investigation. The 
experiments we performed revealed serious disturbances of 
normal relations in the nerve cell. The excitatory proc- 
ess was now not what it had been before: it became more 
stable, less, so to speak, inclined to yield to the inhibitory 
process; or else we had to take it that the inhibitory 
process was very weak with the result that the excitatory 
process relatively predominated. Here are these experi- 
ments. When the metronome which evoked this modified 
excitatory process was used in the same experiment sev- 
eral times without reinforcement with food, i.e., it was 
extinguished, it diminished much less and much more slow- 
ly than the other positive stimuli under the same condi- 
tions. There was another peculiarity: after extinction of 
the stimulus that was being transformed we frequently 
scarcely noticed diminution in the usual scope of action 
of the other conditioned stimuli that followed it (secondary 
extinction), This denoted insufficient participation of the 
inhibitory process in the procedure of extinguishing this 
stimulus. On the other hand, during extinction (and even to 
zero) of other conditioned stimuli the stimulus we were in- 
vestigating immediately after them often remained un- 
changed or was weakened but little, whereas the other pos- 
itive stimuli diminished very much and were found to have 
a lesser effect even on the following day. Clear stability of 
the excitatory process of the cell together with weaken- 
ing of the inhibitory process. At the same time our atten- 
tion was further attracted by the fact that now there was 
a sharp difference between the other acoustic conditioned 
stimuli as regards the stability of the excitatory process. 
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The tone stimuli, farthest removed from the metronome in 
the character of sound, remained normal, while the stimuli 
with an element of knocking came closer, as regards sta- 
bility, to the pathologically acting metronome. 

In the experiment with transforming the effect of the 
metronome we, consequently, obtained the same abnormal- 
ity as in the formerly described experiments; there—in the 
cells of the motor analyser, here—in the cells of the audi- 
tory analyser; there—during overstrain of the excitatory 
process, here—during collision of the antagonistic proc- 
esses; both here and there bromides effected a return to the 
normal relations. The latter gave us one more reason to 
see one of the mechanisms of the new pathological phe- 
nomenon in the weakening of the inhibitory function of the 
cell and to understand why this phenomenon was observed 
on the castrated animals of the strong type. We had long 
since known that one of the essential effects of castration 
was weakening of the inhibitory function of the cell. 

The aforesaid pathological phenomenon may be given 
several descriptive names: stagnancy, uncommon inertness, 
intensified concentration, and extraordinary tonicity. 

From now on we shall prefer to use the term “patholog- 
ical inertness”. 

The foregoing new facts are confirmation and extension 
of our old and more general fact that in the cerebral cortex 
it is possible to obtain experimentally by the functional 
method (i.e., without mechanical influence) a very limited 
pathological point. In our former experiments such a point 
represented a paradoxical or ultraparadoxical state, i.e., 
the stimulus related to it produced a, greater effect when 
it diminished in strength and not contrariwise, as when it 
was normal, or even produced a negative instead of a pos- 
itive effect. At the same time the given point could re- 
main in such a state without affecting all the other points 
of the hemispheres or pass into the next stage of the path- 
ological state in which stimulation of it with an appro- 
priate stimulus led to disturbance in the activity of the 
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entire cortex manifested in general inhibition of this activi- 
ty. Now we also had isolated pathological points of the 
cerebral cortex whose pathological state represented a spe- 
cial phase and was manifested in that the process of exci- 
tation in them became abnormally inert. 

Thus we have adequate reason to assume that under the 
influence of various pathogenic causes of a functional na- 
ture sharply isolated pathological points or regions may 
arise in the cerebral cortex; at the same time we can ex- 
pect this experimental fact to take place and be of great 
importance in the pathology of man’s higher nervous ac- 
tivity. 

I find it possible to assume that in stereotypy, iteration 
and perseveration as symptoms, as well as in the essence 
of the compulsive neurosis and paranoia, the basic path- 
ophysiological phenomenon is the same, namely, what 
came to the fore in our experiments and what we have de- 
signated by the term “pathological inertness’. Stereotypy, 
iteration and perseveration are a pathological inertness in 
the motor area of the cortex (general skeletal, as well as 
special speech motion), while in compulsive neurosis and 
paranoia it is a pathological inertness in other cortical 
cells connected with our other sensations, feelings and 
ideas. These last sentences must not, of course, exclude 
the possibility of emergence of the same pathological state 
also in the underlying parts of the central nervous system. 

Let us go on to the, so to speak, clinical atmosphere 
in the different neuroses and psychoses of this pathological 
phenomenon, as one of the manifestations, one of the 
phases of the pathological state of the nerve cells. Stereo- 
typy and perseveration form one of the frequent symptoms, 
for example, of hysteria. One hysteriac complains that once 
she begins to comb her hair she cannot stop, cannot finish 
it in due time. Another hysteriac cannot, as a result of a 
short catatonic attack, utter a word without repeating it 
many times in order to finish his sentence. These phenome- 
na are encountered still more often in schizophrenia, even 
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characterise it, especially its catatonic form. Pathological 
inertness in the motor sphere is manifested now at individ- 
ual points, and now embracing the entire system of skel- 
etal muscles, as can be observed in some catatonic pa- 
tients whose any group of muscles passively set in mo- 
tion repeats this motion an enormous number of times. 

Later we shall dwell especially on compulsive neurosis 
and paranoia as separate, independent diseases in which the 
phenomenon we are interested in is the main characteristic 
symptom or almost the whole disease. 

To be sure, we can hardly contest the fact that, if path- 
ological inertness is obvious and must be accepted as a 
fact in motor phenomena, the same thing is quite admissi- 
ble, legitimate also as regards all the sensations, feelings and 
ideas. Who can doubt that the aforesaid phenomena are 
normally, of course, a manifestation of the activity of the 
nerve cells and, consequently, that compulsive neurosis and 
paranoia are a pathological state of the corresponding cells 
of the cerebral cortex, in the given case their pathological 
inertness. In compulsive neurosis and paranoia we have 
excessively, illegitimately fixed ideas, feelings and then ac- 
tions which do not correspond to the proper natural and 
special social relations of man and therefore lead him into 
difficult, distressing, harmful conflicts with nature, as well 
as other men and, primarily, of course, with himself. But 
all this pertains only to the morbid ideas and sensations, 
while outside their sphere the patients think and act like 
quite healthy people and may even be higher than aver- 
age persons, 

Compulsive neurosis and paranoia are usually sharply 
distinguished as morbid forms clinically (the former is a 
neurosis and the latter—a psychosis). However this sharp 
distinction is not recognised by all neurologists and 
psychiatrists; some of them assume transitions from one 
form to the other, reducing their differences to degrees 
or phases of the pathological state and certain additional 
features, 
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The following are quotations from these authors. Pierre 
Janet says: “The delusion of persecution is closely related 
to obsessive ideas and I am surprised that they have been 
entirely separated from each other.” Kretschmer says: “In 
the old disputable question of whether there are any essen- 
tial differences between delusions and obsessive ideas we 
can arrive at the exact conclusion in a negative sense.” 
R. Mallet says: “In delusion and obsession ... the organic 
damage is of the same nature.” 

The two pathological forms in question differ from each 
other in two basic features. In compulsive neurosis the 
patient is cognisant of the morbid nature of his pathologi- 
cal state and as far as possible fights it, although on the 
whole, unavailingly; the paranoiac does not have this crit- 
ical attitude to his illness, he is in its power, in the power 
of persisting sensation, feeling and idea. The second dif- 
ference is the chronic course and incurability of paranoia. 

But these distinguishing features of the two given forms 
do not essentially exclude the identity of their basic symp- 
tom. This is the more true since many clinicians observed 
indubitable transitions, both acute and chronic, of obses- 
sion with criticism into obsession without criticism. The 
grounds on which the general main symptom arose and 
what actually evoked it in each individual case could serve 
as the difference between the two forms, as a basis for 
their clinical distinction. 

A few words about the basis and causes of the disease 
in question, according to our laboratory material. We have 
long since observed on our animals that succumbing to dif- 
ferent experimental neuroses under the influence of the 
same pathogenic procedures depends on the inborn type of 
nervous system: only representatives of the weak type and 
the strong but unbalanced type easily succumb to the dis- 
ease. Of course, by intensifying the pathogenic procedures 
it was possible, in the long run, to overcome, break down 
also the balanced strong type, especially if some organ- 
ic trauma, for example, castration, was added beforehand. 
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in particular, during the transtormation of antagonis- 
tic conditioned reflexes as a procedure with which we pro- 
duced the afore-described pathological inertness, there was 
an enormous variety of results, both within normal limits 
and with pathological deviations, depending on the indi- 
viduality of the animals. In strong and entirely normal 
types this transformation proceeds properly to the required 
end, but m a very different tempo and with different 
variations and details of the transformation. In a giant of 
nervous power (even after castration), whose equal | never 
saw during the thirty years of my work on conditioned 
reflexes, this transformation began from the first time and 
without any variations was entirely ready by the fifth 
time. In others, numerous repetitions of the procedure 
failed to produce complete results: sometimes the new posi- 
tive stimulus remained weaker than the former one, and 
sometimes the new inhibitory stimulus failed to come down 
to zero, as the former one. In one animal it was the positive 
stimulus that was transformed sooner, in another it was 
the negative. All this concerns cases of successful trans- 
formation, The same diversity was observed in pathological 
deviations during the solution of this problem: as already 
mentioned in the beginning of this article, we observed now 
one of these deviations and now another. The pathological 
inertness, as one of the morbid phasic consequences of the 
transformation, similarly rapidly passes into another form 
of the disease or remains more or less constant. In the weak 
type the pathological inertness usually quickly passes into 
another pathological state. Chronic pathological inertness 
is often observed in castrated animals of the strong 
type. 

I have intentionally dwelt somewhat longer on our lab- 
oratory material in order to show how different the solu- 
tion of the same life’s problem must bé in people, depend- 
ing on the difference in the types of nervous system, and’ 
how different the pathological consequences must be when 
abnormal types fail to solve this problem. 
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So much for the basis. As for the immediate causes of 
the disease in question, we have seen in our present ex- 
periments (as yet not numerous) two Causes producing it: 
in one case it is a strong and prolonged stimulation, i.e,, 
overstrain of the process of excitation, and in another cage 
it is a clash of the antagonistic processes. 

When we deal with people, we must naturally also bear 
in mind different causes, as well as different bases which 
must, of course, lead to different degrees, as well as a dif- 
ferent course, even if of the same basic pathological dis- 
order. 

The very first cause studied on our animals opens a 
long series of possible cases of the disease investigated 
in man. Both, an abnormal development and a temporary 
aggravation of one of our emotions (instincts) as well as 
the pathological state of some internal organ or a whole 
system may send to corresponding cortical cells, at a cer- 
tain time or continuously, incessant or excessive stimuli 
and thus, at last, evoke in them a pathological inertness— 
an obsessive idea or sensation, when the real cause has al- 
ready ceased to act. The same thing could be effected by 
some strong, staggering life’s impressions. No fewer, if no 
more, cases of pathological inertness should also have been 
produced by our second cause, since all our life is a contin- 
uous struggle, a clash of our basic strivings, desires and 
tastes with the natural, as well as the special social con- 
ditions. 

The aforesaid causes could concentrate the pathologi- 
cal inertness of the excitatory process at different points 
of the cerebral cortex—now in the cells directly stimulated 
by the external, as well as internal agents (first signalling 
system of reality), now in different cells (kinesthetic, audi- 
tory and visual) of the verbal system (second signalling 
system), and at both points with different degrees of in- 
tensity: once on the level of ideas, and the next time bring- 
ing the intensity up to a power of real sensations (hailuci- 
nations). 
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On our dogs we observed that sometimes, owing to path- 
ological inertness, the effect of an appropriate stimulus 
sharply rose above the healthy effects of the other stimuli. 

As for the basis, it inust naturally be the same for 
compulsive neurosis and paranoia, i.e., susceptibility to dis- 
ease, aS in our laboratory material; but this will be, 
however, either the weak type or the strong but unbalanced 
type of nervous system. And we know from our iabora- 
tory experience how essential this difference is for the im- 
mediate character of the disease. In this respect one can 
hardly raise any objections to the legitimacy of transfer- 
ring this conclusion from animals to man. Of course, be- 
sides the inborn basis, cases of unstable, fragile nervous 
system engendered by unfortunate events are inevitable; 
these include injuries, infection, intoxication and life’s great 
misfortunes. 

Thus the difference between our two pathological forms, 
as regards their chronic nature and incurability, is deter- 
mined by the difference in the immediate impulses to the 
disease, as well as the types of nervous system. The im- 
mediate impulses may be, on the one hand, temporary, 
transitory, and on the other, continuous and constant, till 
the end of life. In its turn the excitatory process is either 
generally relatively weak, unstable in its nature, and easily 
yields to the inhibitory process in the weak type, or is 
strong from the very beginning, stable, and generally pre- 
dominates over the inhibitory process. It stands to reason, 
that during pathological inertness there are few or no 
chances at all in the latter case that this inertness may 
sometimes be entirely eliminated or reduced to the lowest 
degree which is relatively normal for the given animal. To 
confirm this we can cite the following fact from our Jabora- 
tory material, Whereas in one of the dogs with a compul- 
sive movement, belonging to the rather strong type, bro- 
mides have only sharply weakened, limited this compulsion, 
in a dog of a clearly weak type the compulsion entirely 
disappeared under the influence of bromides. Moreover, as 
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was mentioned before, a more chronic pathological inert- 
ness was most frequently encountered in castrates of the 
strong type. In connection with this E. Bleuler’s remark is 
of some interest; in the latest edition of his textbook he 
says that he would not like to regard as accidental, in the 
cases well studied by him, the coincidence of paranoia 
with sexual inadequacy. 

As for the other sign of difference between the two forms 
in question (absence of critical attitude to the pathological 
symptom in paranoia and its presence in the compulsive 
states), it must naturally be reduced to the difference in 
intensity of pathological inertness. As the aforesaid indi- 
cates, the strong type must have considerable pathological 
inertness of the excitatory process and this will naturally 
be connected with greater independence and even its in- 
vulnerability to the influence of the healthy regions of the 
cortex, which physiologically conditions the absence of 
a critical attitude. Besides, it is probable that the inert 
excitatory process of considerable intensity must produce 
on the periphery, on the basis of the law of negative induc- 
tion, strong and widespread inhibition, which must again 
lead to the same result, i.e., exclusion of the influence of 
the rest of the cerebral cortex on it. 

We shall illustrate our general considerations by par- 
ticular examples taken from life. Let us take a person of 
the excitable type, i.e., one in whom the excitatory process 
is not balanced with the inhibitory process. Let a rather 
frequent striving for domination prevail in his emotional 
(instinctive) make-up. Since childhood he has always strong- 
ly wished to advance, to be the first, to lead the others, 
elicit admiration, etc. But at the same time nature failed 
to endow him with any outstanding talents, or, if he did 
have them, they were unfortunately not recognised in due 
time, or else, the conditions of his life prevented him from 
making due application of them, and he concentrated his 
energies on activity for which he was unfit. Inexorable re- 
ality naturally prevented him from achieving his goal: he 


820 


had won neither influence nor success, but, on the contra- 
ry, deserved rebuff and knocks, ie., he never had any luck. 
All he could do was to submit, reconcile himself to the 
role of a modest worker, i.e., inhibit his aspirations. And 
yet there was no necessary inhibition, while this emotion 
constantly and imperatively demanded its satisfaction. 

Hence, at first, further extraordinary but vain efforts 
in his hapless occupation or change to another with the 
same results and then, according to the property of his type 
(strong), a shrinking into himself with his internal satisfac- 
tion and constant vivid idea of his real or imaginary gifts 
and vital rights and privileges together with the additional 
idea of the intended hindrances and persecution on the 
part of those around him. This naturally results in a suf- 
ficiently conditioned phase of pathological inertness ai the 
corresponding points of the cortex, which has destroyed 
the last remnant of inhibition in them. And now we see the 
absolute power of the idea which, not by active inhibition 
on the basis of other associations, other signals, witnesses 
of reality, but by passive inhibition, a process of negative 
induction, has excluded all that does not suit it and has 
become transformed into a fantastic idea of imaginary 
greatness, imaginary successes. Since the emotion lives to 
the end of the subject’s life, the pathological idea also 
exists with it but remains isolated without interfering with 
anything that does not come in contact with it. Before us 
is true paranoia in Kraepelin’s sense. 

Now I take concrete cases from Kretschmer’s®) book 
Der sensitive Beziehungswahn. It is a question of two girls 
of the rather weak type, but practical, modest, and preten- 
tious only as regards their religious, moral and social de- 
cency and not their life’s rights and privileges; the pre- 
tence of the latter kind is very frequently, nearly always, 
combined with the strong excitable type. 

A mature girl experiences normal sexual desire for a 
young man, but the individual, ethical and social require- 
ments have not allowed, have always hindered her from 
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gratifying this desire, i.e., there is a clash of nervous proc- 
esses. The result is a difficult state of nervous activity 
and it is manifested in pathological inertness in the parts 
of the cartex which are connected with the struggling feel- 
ings and ideas. The girl acquires an irresistible, obsessive 
idea that her face shows the sexual urge in the form of 
coarse sensuality. In the clinic she hides her face into a 
pillow even from the physician. Naturally, she has already 
avoided going out into the street because she thought that 
everyone looked at her, spoke about the expression of her 
face and laughed. Until then, however, it had all remained 
within the limits of the really possible, although imaginary. 
Then comes a leap which is unintelligible as the work of 
even pathologically fixed thought. Under the influence of 
a chat with a girl-friend who asserted that in the Garden 
of Eden Eve had talked to the serpent not as to a mental, 
but as to a sexual seducer, our patient immediately devel- 
oped an unexpected and irresistible idea and sensation that 
she had a serpent in her which was constantly moving and 
that sometimes its head reached her throat. Here we see a 
new inert idea, But how, by what process did it arise? 
Kretschmer called this phenomenon inversion, considering 
it a reflex inversion (reflektorische Umschlag). 

As regards an identical phenomenon in another clinical 
case Kretschmer says that “it has emerged reflexly, with- 
out logical mediation, even in direct contradiction to it”. 
But what kind of reflex is it? Where does it begin and how 
does it end? We have this process, we know it in the labor- 
atory and can interpret its physiological mechanism. More- 
over I deem it essential to say, to emphasise, that in this 
case the physiological and psychological particularly clear- 
ly overlap, merge, and, one may say, become identical. 

Let us recall the two antagonistically acting metronomes, 
one stimulatory and the other one—inhibitory. If general 
inhibition develops in the cortex, for example, in the form 
of hypnosis, or local inhibition in the region of the metro- 
nome’s action, the positively acting metronome becomes 
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negative and the negatively acting one—positive. This is 
the so-called ultraparadoxical phase. 

It is this physiological fact that we encounter in the 
afore-described leap in our patient. The girl had a strong 
and constant idea of her sexual purity, inviolabihty, con- 
sidering it, under certain conditions, morally and socially 
shameful to have sexual desire, even though suppressed 
and not in the least gratified. On the basis of general inhibi- 
tion, in which state our patient found herself and which in 
weak nervous systems usually accompanies a difficult state, 
this idea was irresistibly physiologically transformed into 
its opposite (slightly disguised), into an idea even border- 
ing on a sensation of having the sexual seducer in her very 
body. This is exactly what happens in the delusion of per- 
secution: the patient wants to be respected, and yet he is 
tormented by a contrary and erroneous idea of being con- 
stantly insulted, or he wants to have secrets, and yet he has 
the obsessive idea, the contrary thought, that all his se- 
crets are discovered by others, etc. I have already ex- 
pressed this physiological interpretation in an open letter 
to Professor Pierre Janet as regards the feelings of posses- 
sion (les sentiments d’emprise). 

This delusion is based on two physiological phenomena 
—pathological inertness and the ultraparadoxical phase, 
now existing separately, now appearing together, and now 
replacing each other. 

On the whole, almost the same thing happened to the 
second girl. The same clash of the natural sexual desire 
with the practical and persistent thought of the incompati- 
bility of ages: the object of her love was much younger. 
The same results, to the point of inversion; moreover, this 
patient was tormented by the absurd idea that she was 
pregnant, whereas the object of her love did not even note 
her dispositon for him because she was restrained in man- 
ifesting her feelings. 

In this case traced by Kretschmer over a period of many 
years one could clearly see how the obsessive ideas and 
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sensations sometimes reached a degree of ideas and sensa- 
tions which, according to the patient herself, were very. 
real and which, she did not know, were pathological, how 
they persisted in this form for some time and then were 
again interpreted by the patient objectively as manifesta- 
tions of disease. This was connected with life’s trials and 
tribulations and, consequently, with a change in the state 
of the nervous system, which now recovered and now was 
again depressed and weakened. Finally, as time wore on, 
everything naturally ended well. 

I was very happy to come across the theory of the French 
psychiatrist Clérambault in one of the few books on neurol- 
ogy and psychiatry I have read. This theory considers the 
appearance of what he calls “mental automatism”, “para- 
sitic words and ideas”, about which the delusion later sys- 
tematically develops, the primary symptom of paranoia, 
What else can we interpret as mental automatism, but the 
point of a certain pathologically inert excitatory process 
about which all that is close, similar and related concen- 
trates (on the basis of the law of generalisation) and from 
which everything that is alien is repulsed, according to the 
law of negative induction? 

I am not a clinician (I have always been a physiologist) 
and now, so late, I shall, of course, have no time and shall 
be unable to become a clinician. For this reason in my pres- 
ent observations, as in my former excursions into neuro- 
pathology and psychiatry, I dare not, in discussing corres- 
ponding material, claim sufficient competence from the 
clinical point of view. But I shall probably not be mistaken 
now if I say that clinicians, neurologists and psychiatrists 
must, in corresponding fields, inevitably regard as funda- 
mental the following pathophysiological facts: the complete 
isolation of the functionally pathological (in the etiolog- 
ical sense) points of the cortex, as well as the patholog- 
ical inertness of the excitatory process and the ultrapar- 
adoxical phase in them. 


GENERAL TYPES OF ANIMAL 
AND HUMAN HIGHER NERVOUS ACTIVITY? 


The mode and standards of our own behaviour, as well 
as of the behaviour of the higher animals close to us and 
with which we are in constant vital relations (for instance, 
dogs), represent a great, a truly boundless variety, if 
behaviour is considered as a whole, in its smallest details, 
especially as manifested in man. But since our behaviour, 
as well as that of higher animals, is determined and con- 
trolled by the nervous system, it is possible to reduce the 
above-mentioned variety to a more or less liggited number 
of basic properties of this system, with their combina- 
tions and gradations. This makes it possible to distinguish 
between the types of nervous activity, i.e, between these 
or other complexes of the basic properties of the nervous 
system. 

The observation and study of a large number of dogs, 
using the method of conditioned reflexes, carried out in 
our laboratory for many years, have gradually disclosed 
to us these properties in their vital manifestations and com- 
binations. These properties include: in the first place, the 
strength of the basic nervous processes—excitatory and in- 
hibitory—which always constitute the sum total of nervous 
activity; in the second place, the equilibrium of these proc- 
esses; and, finally, in the third place, their mobility, It is 
obvious that while all these properties exist and act simul- 
taneously, they provide the highest adaptation of the ani- 
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mal’s organism to the surrounding world, or, in other 
words, the complete equilibration of the organism as a 
whole with the external environment, ie., they secure the 
organism’s existence. The significance of the strength of 
the nervous processes is clearly shown by the fact that in 
the surrounding medium there arise (more or less often) 
unusual, extraordinary developments, powerful stimuli, and 
that, naturally, other external conditions of a similar and 
even greater force not infrequently necessitate the suppres- 
sion or retardation of the effects of these stimuli. And the 
nervous cells must endure this extraordinary tension in 
their activity. From this also follows the importance of 
equilibrium between both processes, their equal strength, 
Since the organism’s external environment is constantly— 
and often powerfully and abruptly—luctuating, both proc- 
esses must, so to speak, keep pace with these fluctuations, 
i.e., they must possess great mobility and be able, in com- 
pliance with the demands of the external conditions, rapidly 
to recede, to give preference to one stimulus, to excitation 
before inhibition and vice versa. 

Leaving aside the gradations and considering only the 
extreme casés, only the limits of fluctuation, viz., strength 
and weakness, equality and inequality, lability and inert- 
ness in both processes, we obtain eight combinations, eight 
different complexes of basic properties of the nervous sys- 
tem, eight types of the nervous system. If we also take 
into account that in the absence of equilibrium the predom- 
inance may, generally speaking, be on the side now of 
the excitatory, now of the inhibitory process, and that in 
the case of mobility, inertness or lability may also become 
a property now of one, now of the other process, then 
the number of possible combinations increases to twenty- 
four. And finally, if we also take into consideration even 
the rough gradations of the three basic properties, we shall 
thereby again greatly augment the number of possible com- 
binations, However, only extensive and thorough observa- 
tion can establish the presence, frequency and intensity of 
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these or other actual complexes of basic properties, of the 
actual types of nervous activity. 

Since normally our general behaviour, as well as that of 
higher animals (we imply here healthy organisms), is di- 
rected by the higher part of the central nervous system— 
by the cerebral hemispheres and the adjacent subcortex— 
the study of this higher nervous activity under normal con- 
ditions by the method of conditioned reflexes is bound to 
lead to knowledge of the actual types of nervous activity 
and the basic standards of behaviour of human beings and 
higher animals. 

It seems to me that this problem was solved—of course, 
only in general outline—by the Greek genius in his system 
of the so-called temperaments, where the basic compo- 
nents of the behaviour of human beings and higher animals 
were exactly emphasised and advanced, as we shall show 
in our further exposition. 

But before proceeding to our factual material, I must 
touch on one very substantial and so far almost insur- 
mountable difficulty connected with the definition of the 
type of nervous activity. Human and animal behaviour is 
determined not only by congenital properties of the nerv- 
ous system, but also by the influences to which the organ- 
ism is continuously subjected during its individual exist- 
ence, in other words, it depends on constant education and 
training in the broadest sense of these words. This is due 
to the fact that along with the above-mentioned properties 
of the nervous system, another very important property 
incessantly manifests itself—its high plasticity. Conse- 
quently, since this is a question of the natural type of nerv- 
ous system, we must take into account all the influences to 
which the organism has been exposed from the day of its 
birth to the present moment. With regard to our experi- 
mental material (ie, our dogs) in the overwhelming 
majority of cases the fulfilment of this requirement still 
remains a passionate desire. We shall be able to fulfil it 
only when our dogs are born and reared before our eyes, 
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under our unremitting observation. We shall soon have 
convincing corroboration of the importance of this require- 
ment. So far there is only one way of overcoming the 
above-mentioned difficulty: it is necessary to increase and 
to diversify the forms of our diagnostic tests as much as 
possible in the hope that in this or that case we shall 
succeed in bringing to light the specific changes in the 
natural type of nervous system that were determined by 
the definite influences of the individual existence; in other 
words, by means of a comparison with all other features 
of the type we shall reveal both the more or less disguised 
natural features and the elaborated, acquired ones. 

Right from the very beginning of our experiments with 
dogs based on the method of conditioned reflexes we (like 
others) were struck by the different behaviour of the bold 
and the cowardly dogs. The former offered no resistance 
when led to experimentation; they remained quiet in the 
new experimental conditions, both when they were placed 
in the stands mounted on tables, and when certain appara- 
tuses were attached to their skin and even placed in their 
mouths. When food was given to them by means of an 
automatic device, they began to eat it at once. Such was 
the behaviour of bold animals. But the cowardly animals 
had to be accustomed gradually to the procedure—a proc- 
ess which required days and even weeks. Another differ- 
ence was observed when we began to elaborate conditioned 
reflexes in these dogs. In the first case the conditioned 
reflexes developed rapidly, after the application of two or 
three combinations; they reached considerable strength 
and remained constant, no matter how complicated the 
system of reflexes, In the second case, on the contrary, the 
conditioned reflexes were formed very slowly, after many 
repetitions; their strength increased at a very low rate, 
and they never acquired stability, being sometimes even at 
zero, no maiter how considerably their system was simpli- 
fied. It was, therefore, natural to assumé that in the first 
dogs the excitatory process was strong, while in the second 
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it was weak. In the bold dogs the excitatory process, which 
from the biological point of view arises properly and in 
time, for instance, at the sight of food, constantly resists 
minor influences, remaining, so to speak, legitimately pre- 
dominant. In the cowardly dogs the strength of the ex- 
citatory process is insufficient to overcome conditions 
which are less important in the given case and which pro- 
duce what we term external inhibition; for this reason we 
say that such dogs are inhibitable. In the bold dogs even 
physically excessive external stimuli, when conditionally 
connected with physiologically important functions, con- 
tinue to serve their purpose without bringing the nerve 
cell to a pathological state; thus they represent an 
exact index of the intensity of their excitatory process, 
of the strength (.e., working capacity) of their nerve 
cells. 

It is here that the specific difficulty, which I have just 
mentioned made itself felt. All the dogs which seemed to 
us cowardly, i.e., which only very slowly became accus- 
tomed to our experimental conditions and formed condi- 
tioned reflexes with difficulty (since their entire condi- 
tioned reflex activity was easily disturbed by insignificant 
new external influences), were regarded by us, quite 
groundlessly, as belonging to the weak type of nervous 
system. This even resulted in a blunder—at one time I 
regarded these dogs as experts in inhibition, ie., as being 
strong in this respect. The first doubts as to the correctness 
of this diagnosis arose in connection with the external 
behaviour of these animals in their habitual surroundings. 
Further, it seemed strange that their conditioned reflex 
activity, despite iis high complexity, should be of a perfect- 
ly regular character so long as the surrounding conditions 
remained strictly uniform. But the final solution was found 
thanks to a special investigation. We (Vyrzhikovsky and 
Mayorov) took a litter of puppies and divided it into two 
parts: half of the puppies, from the very day of their birth, 
were kept in the kennel, the others were given complete 
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freedom, All the animals of the first group turned out to 
be cowardly and susceptible to inhibition given the slightest 
changes in the surroundings; in the animals of the second 
group nothing of the kind was observed. It became clear 
that when the puppies first appeared in the external en- 
vironment they were provided with a special reflex, some- 
times referred to as a panic reflex, but which I suggest 
should be termed an initial and temporary reflex of natural 
caution. The moment acquaintance with the new environ- 
ment begins it is necessary to wait some time for the 
consequences of any new stimulation, no matter which 
receptor it affects, i.e., to abstain from any new move- 
ment and to repress the existing movement, since it is not 
known what the new phenomenon promises the organism, 
whether harmful, useful, or of no consequence at all. And 
only in the course of the gradual acquaintance with the 
environment is this reflex replaced, little by little, by a 
new, special, investigatory reflex, and, depending on its 
effect, by other corresponding reflexes. The puppy, which 
is not given the opportunity to gain this practical experi- 
ence independently, retains the persisting temporary reflex 
for a very long time if not for life, and the reflex constantly 
disguises the real force of the nervous system. What a vital 
pedagogical fact this is! A sure sign of this unduly persist- 
ing feature, apart from the fact that in many respects it 
contradicts other stable inborn features, is the inhibitory 
action not So much of the particularly strong stimulations 
but of the new stimulations—no matter how weak they 
may be in themselves (Rozental, Petrova). 

Thus, the strength of the excitatory process was regard- 
ed by us as the first property of the type of nervous 
system. Hence the initial division of all our dogs into 
strong and weak ones. 

Another property of the nervous system, clearly observed 
by us and according to which the animals are subdivided 
into new groups, is the equality or inequality of the two 
opposite nervous processes—excitation and inhibition, We 
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imply here the higher active cortical inhibition (or accord- 
ing to the terminology used in the theory of conditioned 
reflexes—internal] inhibition), which, together with the 
excitatory process, continuously maintains the equilibration 
of the organism with the surrounding medium and helps 
(on the basis of the analysing function of the organism’s 
receptors) to distinguish between the nervous activity 
corresponding to the given conditions and moments and 
that which does not (extinction, differentiation and re- 
tardation). 

The significance of this property was first observed by 
us in dogs with a very strong excitatory process. We soon 
noticed that whereas in such dogs positive conditioned 
reflexes were formed rapidly, inhibitory reflexes, on the 
contrary, were elaborated very slowly, with obvious diffi- 
culty; this was often accompanied by a violent resistance 
on the part of the animal; it was manifested either in 
destructive actions and barking, or, on the contrary, in 
stretching out the forepaws, as if imploring the experi- 
menter to release it from the task (the latter, however, is 
rarer). At the same time, these reflexes are never fully 
inhibited; they are often disinhibited, i.e, greatly deterio- 
rate in comparison with the degree of inhibition obtained 
previously. The following phenomenon is usually observed: 
when we subject the cortical inhibition in such animals 
to severe strain by means of very delicate differentiation, 
or by a frequent or protracted application of difficult in- 
hibitors, their nervous system becomes fully, or almost 
fully, deprived of the inhibitory function; real neuroses 
set in, typical and chronic nervous diseases, which must 
be treated either by allowing the animals a very long rest, 
iic., by a complete discontinuance of the experiments, or 
by giving bromide. Together with such animals, there are 
others in which both nervous processes are at an equally 
high level. 

Consequently, the strong animals are divided into two 
groups—equilibrated and unequilibrated. Unequilibrated 


33{ 


animals belonging to the category described above are met 
with quite often. It might seem that there should also be 
unequilibrated dogs of another kind, namely, with a pre- 
dominance of the inhibitory process over the excitatory. 
But so far we have not met with such absolutely incontest- 
able cases, or at least we have not been able to discern 
them. However, we have had fairly obvious and not in- 
frequent cases when, after a time interval and with the 
help of gradual and repeated exercises, the initial disequi- 
librium levelled out to a considerable degree. And this is 
just another instance when the natural type of nervous 
system proved to be disguised to a great measure as a 
result of lifetime training. 

Thus, we have a perfect group of strong and equilibrated 
dogs. However, the animals with this type of nervous 
system differ greatly, even in appearance. Some are 
extremely reactive, mobile and lively, ie., as it were, ex- 
tremely excitable and alert. Others, on the contrary, are 
only slightly reactive, sluggish and self-contained, i.e., in 
general, so to speak, little susceptible to excitation, inert. 
This difference in the general behaviour must, of course, 
be due to a specific property of the nervous system and 
may be best accounted for by the mobility of the nervous 
processes. Like everybody else we long ago observed this 
external difference between animals, but we lag consider- 
ably in elucidating, on the basis of the conditioned reflex 
activity, its cause—the mobility of the nervous processes. 
Only now is this mobility being systematically investigated 
on two dogs--strongly pronounced representatives of the 
latter group. Strong and equilibrated, these animals differ 
greatly in external behaviour. On the one hand, we (Petro- 
va) have an exceedingly lively and reactive animal, on the 
other (Yakovleva)—an extremely inert and indifferent one. 
The different mobility of the nervous processes in these 
animals is distinctly manifested in their conditioned reflex 
activity which, unfortunately, was not investigated in iden- 
tical experiments, 
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‘The first animal (‘Boy’) even in the course ot usual experi- 
mentation with conditioned reflexes displays an amazingly 
rapid transition from extreme excitation at the beginning— 
when being placed in the stand and equipped with the ap- 
paratus—to a state of petrifaction, to a statuesque posture, 
and, at the same time, to a good working state in the 
course of the experiment. In the intervals between the con- 
ditioned food stimuli the animal remains in a very strained 
posture, evincing no reaction to extraneous accidental 
stimuli; but under the action of conditioned stimuli a 
strictly recurring salivary reaction sets in immediately, 
and the dog gulps the food placed before it. Subsequently, 
this high mobility of the nervous processes, their rapid 
interchange, manifested themselves, so to speak, with 
incredible force also in the course of special experiments. 
In our ‘‘Boy” we long ago elaborated two opposite condi- 
tioned reflexes to a metronome; one frequency of the 
metronome acted as a positive conditioned food stimulus, 
while the other acted as a negative inhibitory one. We then 
began to reverse the action of the metronome. The nega- 
tive stimulus was reinforced, i.e., it had to be transformed 
into a positive stimulus, while the positive one was no 
longer accompanied by feeding and had to be converted 
into an inhibitory stimulus. Next day we were able to ob- 
serve the onset of this reversal and by the fifth day it had 
been fully accomplished—a rare case of such rapid trans- 
formation. One day later an error was made—the metro- 
nomes were applied in accordance with their previous 
significance, namely, the old positive stimulus was again 
reinforced, while the old inhibitory stimulus was left 
without reinforcement; as a result, the old relations were 
immediately re-established. When the error was corrected, 
the new relations again quickly reappeared. But this dog 
presented a truly wonderful, unprecedented example of the 
formation of a delayed reflex. Generally the elaboration 
of a delayed reflex, when one and the same stimulus during 
different periods of its action produces now an inhibitory, 
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now an excitatory effect, is in itself a ditficult task. But 
its elaboration after a long experience of short-delayed 
reflexes, and even during it, is a truly complicated task, 
one that cannot be accomplished by the overwhelming 
majority of dogs and which in successful cases requires 
much time, even many months. Our dog accomplished this 
task in the space of a few days. What an extraordinary 
rapid and free use of the two opposite processes! 

All that has been said about this dog entitles us to state 
that it represents the most perfect type, since it ensures 
strict equilibration with all that is taking place in the 
external environment, no matter how strong the stimuli 
are—both those to which the response must be positive 
activity, and those the effect of which must be inhibited— 
and no matter how quickly these different stimuli may 
interchange. It should be added that these extremely diffi- 
cult tests were endured by the dog after it had been 
castrated. 

The very opposite, in relation to the property of the 
nervous system under consideration, is the other dog 
(‘Zolotisty”, used by Yakovleva), whose general behaviour 
has been characterised above. Particularly manifest in the 
study of the conditioned reflex activity of this dog was 
the impossibility of obtaining a constant and adequate 
salivary food reflex; it fluctuated chaotically, often falling 
to zero. What did this signify? If the reflex tended to be 
strictly related to the moment of reinforcement, i.e., of 
feeding, why did it fluctuate and not become constant? 
This could not have been caused by insufficient inhibition, 
since we knew that the dog could endure protracted in- 
hibition. Besides, the absence of preliminary salivation is 
by no means a manifestation of perfection; on the contrary, 
it indicates an obvious defect. Indeed, the importance of 
this salivation consists in the fact that the food introduced 
into the mouth immediately meets with the substance it 
needs. That this interpretation conforms to reality is proved, 
in the first place, by its universality, and, in the second 
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place, by the fact that the extent of the preliminary saliva- 
tion, which is biologically indispensable and important, 
always strictly corresponds to the amount of food. The 
natural explanation for the peculiarity of our dog must be 
sought in the fact that the initial inhibition, which exists in 
each delayed conditioned reflex—the period of retardation 
(or the latent period, as we called it previously)—although 
strong, is obviously insutficiently labile to keep within the 
proper time, and owing to inertness, oversteps the normal 
limits. None of the measures aimed at obtaining a constant 
salivary effect was successful. 

Since the excitatory and inhibitory processes were 
strong in the dog, it was offered a very difficult task, one, 
however, that is satisfactorily solved by some other dogs. 
Among other elaborated conditioned stimuli, and at differ- 
ent moments of this system of reflexes, a new stimulus was 
applied four times in the course of the experiment, but 
it was reinforced only when applied the last time; this was 
a task which required all the resources of the nervous 
system, and above all a high mobility of the nervous proc- 
esses, Our dog did its best to solve this problem in a 
roundabout way, holding on everything which could be a 
simple, ordinary signal of the fourth reinforced application 
of the new stimulus. Iirst of all it made use of the noise 
produced by the food receptacle which was moving be- 
fore its eyes; during the first three applications of the new 
stimulus, when no food was offered and consequently no 
movement of the food receptacle took place, the dog re- 
mained in sitting posture. When, during the intervals be- 
tween the stimulations, empty food receptacles were 
placed before it in order to deprive it of the signal con- 
nected with the reinforcement, it looked into them to see 
whether there was any food, and only when this was the 
case, did it stand up (usually it was sitting). When the 
receptacle was placed too high so that the dog could not 
see whether it contained anything, it rejected the food 
altogether, remaining in sitting posture regardless of the 
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stimulus applied. In the case of a positive stimulus, it 
was necessary to enter the chamber and show the dog that 
the receptacle contained food, i.e., to invite it to eat, and 
only then did it begin to eat. Then both the new stiroulus 
and the presentation of empty receptacles were discon- 
tinued. Only the old stimuli were applied, of course ac- 
companied by reinforcement. And only gradually did the 
dog begin to rise under the action of the stimuli and to eat, 
Again the reflex evoked by the empty receptacle was 
extinguished. The dog continued to rise under the action 
of the old conditioned stimuli but—-which was the usual 
thing with it—did not always exhibit any preliminary 
secretion of saliva. Now the new stimulus was again ap- 
plied four times, being reinforced only the last time; during 
the first three applications the food receptacle was not 
placed before the dog, since, as has just been mentioned, 
the reflex to it had been extinguished. This time, too, the 
problem was solved by means of a simple, but new signal, 
namely, a complex stimulus formed from the new stimulus 
plus the noise of the moving food receptacle. When the 
new stimulus was applied for the first three times without 
the addition of the last stimulation, there was no reaction. 
But when during these first applications the receptacle was 
placed before the dog, but with no food in it, i.e, when 
the complex stimulus was depreciated, the dog, after rising 
several times in vain, definitely and completely ceased to 
react to the new stimulus, rising only under the influence 
of all the other stimuli. Then it was decided to restore 
the extinguished reflex to the new stimulus, abolishing 
all other stimuli and reinforcing the new stimulus eight 
times in succession in the course of the experiment. The 
rehabilitation of the reflex proceeded very slowly. The new 
stimulus was reinforced in the course of two days, that 
is, sixteen times, but despite the fact that the experimenter 
entered the chamber more than once and during the action 
of the new stimulus showed the food to the dog (only 
after which it rose to its feet and began to eat) it never 
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stood up by itself under the action of the new stimulus. 
At first the same thing was observed on the third day; only 
during the nineteenth application of the new stimulus, 
when it was prolonged after the expiration of the usual 
thirty seconds and when new food receptacles were placed 
at intervals of ten seconds, did the dog, at the fourth pres- 
entation of a food receptacle, rise and eat the food. And 
only later, at first with considerable omissions on the part 
of the anmnal, a motor food reflex formed; for the purpose 
of accelerating its full restoration the dog was more than 
once left without food for a space of twenty-four hours. 
Afterwards, on the fifteenth day, there finally developed 
a full reflex accompanied by a preliminary secretion of 
saliva, but, inconstant, as usual. On the twentieth day, in 
order to obtain a constant salivary reflex, the dog was 
given only half the usual portion of food and this reduced 
ration was Offered for a period of ten days. But the aim 
was not achieved—the salivary reaction remained incon- 
stant, and even the motor reaction manifested itself either 
at the end of the action of the conditioned stimulus or only 
after the presentation of the food receptacle. What striking 
inertness of the inhibitory process! After this, for a period 
of fourteen days, the dog was given only a quarter of the 
normal quantity of food, but this, too, hardly changed the 
picture as far as the reflexes were concerned. 

Against this background we began once again to elaho- 
rate a new and extremely simplified differentiation: in 
strict alternation the new stimulus was now reinforced, 
now not; it was necessary to elaborate reflexes to a single 
rhythm. In a period of eight days we failed to observe even 
the slightest trace of a reflex. What striking inertness of 
the excitatory process! Thinking that this phenomenon was 
partly due to excessive alimentary excitability we increased 
the quantity of food to half the usual ration. As a result, 
the difference in the exteni of the salivary reaction under 
reinforced and non-reinforced stimuli now began gradually 
to manifest itself, and finally a stage was reached when, 
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in the case of reinforced stimuli, the reaction became very 
considerable, while in the case of non-reinforced stimuli 
it fell to zero. However, the motor reaction persisted in 
all cases, although under positive stimuli it appeared 
quicker. When the experiments were prolonged in order 
to obtain a complete differentiation also of the motor reac- 
tion, the dog began to whine, at first before the experiment 
and then in the course of it, and tried all the time to escape 
from the stand. The motor reaction under a non-reinforced 
stimulus was fully differentiated in some experiments only 
when it came first in the experiment. The more time passed, 
the more difficult became the state of the dog; it no longer 
entered the experimental chamber of its own accord and 
When taken forcibly would turn back and run away. While 
in the chamber it kept on howling and barking. Under the 
action of stimuli the howling and barking became louder. 
This general behaviour was in striking contrast with the 
previous behaviour of the animal over a period of three 
years. In order to help the dog to attain complete differen- 
tiation, it was given a full daily ration of food; it gradually 
calmed down, went to the stand willingly, stopped howling 
and barking. At the same time a secretion of saliva was 
observed also under the action of a non-reinforced stimu- 
lus; then the salivary secretion induced by the action of the 
two kinds of stimuli began steadily to diminish until it 
reached zero. Finally, the motor reaction to a repeated 
stimulus also fully disappeared. The dog refused to perform 
its task and lay quietly throughout the experiment, search- 
ing for fleas or licking its body. After the experiment it 
devoured its food with avidity. 

Thus, during the long period of the elaboration of a dif- 
ferentiation (the latter being at first difficult, and then 
quite simple), we observed the extreme inertness both of 
the excitatory and inhibitory processes. Particularly inter- 
esting and clear as to its mechanism was the last period— 
when a simple differentiation was being elaborated. Owing 
to a considerably heightened alimentary excitability this 
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ditterentiation was at last almosi completely worked our, 
but it was accompanied by extreme excitement on the part 
of the animal; this testified to the difficult state of its 
nervous system. But when the alimentary excitability de- 
clined to the levei usually displayed by all the dogs during 
the experiments, our previous success in keeping the op- 
posite nervous processes within the time limits required 
by the external conditions was reduced to naught. It 
proved more difficult for the dog to mterchange the ex- 
citatory and inhibitory processes at intervals of five 
minutes, ie., to maintain the almost elaborated procedure, 
the already formed nervous stereotype, than to repress the 
rather strong alimentary excitation, under which all our 
dogs worked quite satisfactorily during the experiments; 
this excitation was also in evidence in our dog, as proved 
by the fact that it eagerly devoured the food placed before 
it after the experiments, This fact strikingly testifies to 
the great importance of the hormal mobility of the nervous 
processes, as well as to its obvious and considerable in- 
sufficiency in our dog, whose nervous processes, however, 
possessed great strength. 

It is now possible clearly to see how the Greek genius, 
personified (individually or collectively) by Hippocrates, 
succeeded in discerning the fundamental features in the 
multitudinous variations of human behaviour. The singling 
out of melancholics from the mass of people signified the 
division of the entire mass of human beings in two groups 
—the strong and the weak, since the complexity of life 
rust, naturally, tell with particular force on individuals 
with weak nervous processes and darken their existence. 
Thus, the paramount principle of sirength was clearly 
stressed. In the group of strong individuals the choleric is 
distinguished by his impetuousness, i.e., inability to repress 
his temper, to keep it within the proper limits; in other 
words, he is distinguished by a predominance of the ex- 
citatory process over the inhibitory. This, consequently, 
established the principle of equilibrium between opposite 
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ptocesses. Finally, by means of a comparison between 
phlegmatic and sanguine types the principle of the mobil- 
ity of the nervous processes was established. 

There remains the question whether the number of basic 
variations of human and animal behaviour is confined to 
the classical figure ‘“‘four”. After years of observations, 
and as a result of numerous investigations on dogs, we 
acknowledge at any rate, for the time being, that this 
number conforms to reality; at the same time we admit 
that there are minor variations in the basic types of nerv- 
ous system, especially in the weak type. In the strong 
unequilibrated type, for example, the animals with a 
particularly weak inhibitory process and, at the same 
time, quite a strong excitatory process, stand out. In the 
weak type the variations are, above all, based on the same 
properties which underlie the subdivision of the strong 
type into equilibrated and unequilibrated, active and inert 
animals, But in the weak type the feebleness of the ex- 
citatory process, so to speak, depreciates the significance 
of these other properties and actually makes this type, to 
a greater or lesser degree, an invalid one. 

Now I shall dwell in more detail on the methods, on 
the more or less definite forms of experimentation already 
mentioned and which clearly disclose the basic properties 
of the types; I shall also touch on other, less manifest, 
forms, which are capable of demonstrating the same prop- 
erties, though not so distinctly, and at the same time 
reveal to a greater degree the complexity of the type, even 
its entire outline. It should be added, however, that many 
forms of our experiments have noi yet assumed definite 
importance in the solution of the problem of types. Of 
course, were our knowledge of the subject complete, every- 
thing observed by us in our animals, everything recorded 
by us, would find its proper place in this problem, But 
this is still far from being the case. 

We have already mentioned a definite method of ascer- 
taining the strength of the excitatory process, believing 
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that this strength is most inherent in the strong type. It 
is a physically most powerful external agent which the 
animal is able to endure and to turn, along with other less 
powerful stimuli, into a certain signal, a conditioned stim- 
ulus, which remains active for a long period. For this 
purpose we usually apply very strong sounds produced by 
a special rattle which our ear endures with difficulty. In 
some dogs this stimulus, when reinforced, could be de- 
veloped, equally with all others, into a real conditioned 
stimulus, and even take first place among them by virtue 
of the law of proportionality between the extent of the 
effect and the intensity of the external stimulus, In other 
dogs, in accordance with the law of maximum, its effect 
declined compared with the other strong conditioned stim- 
uli, however, without interfering with the action of the 
other stimuli. In still other dogs, when applied, it led to 
the inhibition of the entire conditioned reflex activity, 
without becoming a conditioned stimulus. And finally, there 
were dogs in which one or two applications of this stimulus 
immediately evoked a chronic nervous disorder—a neurosis 
which did not disappear of itself and had to be treated. 
The second method employed in the case of conditioned 
food reflexes consists in augmenting alimentary excitabil- 
ity by means of a more or less protracted state of hunger. 
As a result, in dogs with a strong excitatory process the 
effects of the strong stimuli, in some cases, are increased; 
however, there also takes place a relatively greater increase 
of the effects of weak stimuli, so that they fully or almost 
fully approximate to the effects of the strong stimuli. In 
other cases the effects of the strong stimuli remain un- 
changed, since they have reached their limit and have even 
somewhat overstepped it; and only the effects of weak 
stimuli increase, to the degree that they may even exceed 
the effects of strong stimuli. But in dogs with a weak 
excitatory process, a heightened alimentary excitability 
usually leads to a decline in the effects of all stimuli. 
The two methods make it possible to determine directly 
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the maximum possible tension of the nerve cell, the limit 
of working capacity, either directly by the application of 
extremely strong external stimuli or through the action af 
stimuli of average strength, provided there is heightened 
reactivity of the cell, that ils state is labile, which is 
essentially the same thing. 

The third method consists in administration of caffeine. 
In the strong type a definite dose of caffeine increases the 
effect of the excitatory process; in the weak type it dimin- 
ishes this effect, causing the cell to overstep the limits of 
its working capacity. 

The weakness of the excitatory process is manifested 
with particular distinctness, perhaps, in the following ex- 
periment; it relates to the course of the excitatory process 
during the period of the isolated action of the conditioned 
stimulus; the ascertainment of the effect is facilitated by 
dividing this period into smaller time units. Three caseg 
are possible: the effect of stimulation may increase reg- 
ularly and progressively until it is joined by the uncon- 
ditioned stimulus; it may, on the contrary, be considerable 
at the beginning and then gradually diminish; and finally, 
fluctuations of the effect may be observed—now increasing 
and now declining during the above-indicated period. This 
fact can be interpreted in the following way. The first case 
might indicate the presence of a strong excitatory process 
developing irresistibly under the unceasing action of the 
external stimulus. The second case, on the contrary, can 
be interpreted as the manifestation of a weak process for 
the following reason. In particular cases, for example, 
after local extirpations of the cerebral cortex, when under 
usual conditions the effect of the corresponding stimulus 
disappears, it is still possible to re-establish it in a very 
weak form in.the course of the following experiment. At 
first the corresponding stimulus is applied several times, 
being reinforced each time almost immediately after the 
beginning of its action (in one or two seconds); then, when 
there is a considerable delay (twenty to thirty seconds), 
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a positive effect is observed immediately after the begin- 
ning of the stimulation, which, however, declines rapidly, 
falling even to zero by the end of the isolated action of 
the stimulus. This is an obvious manifestation of the weak- 
ness of the excitatory process. Finally, the third case which 
is simply a Struggle of opposite processes; the isolated 
action of the conditioned stimuli leads first to the develop- 
ment of inhibition, since each of our conditioned reflexes 
is a delayed reflex, i.e., one in which the excitatory process, 
being premature, must, for a longer or shorter period, be 
preceded by an inhibitory process and temporarily elimi- 
nated. 

An absolute, and not relative, determination of the 
strength of the inhibitory process can be effected, above 
all, by testing its duration, i.e., by finding out how long 
the nerve cell can endure a state of continuous inhibition. 
As mentioned above, the main principle underlying this 
distinction is as follows. The strong, but unequilibrated, 
animals, as well as the weak ones, cannot endure a pro- 
tracted inhibition, with the result that the entire system 
of conditioned reflexes is temporarily disturbed, or a 
chronic nervous disorder—neurosis—sets in. The strong 
animals cannot endure this, since they possess a very 
strong excitatory process to which the inhibitory process, 
being sufficient in itself, does not correspond as far as 
intensity is concerned; this is a case of relative weakness 
of the inhibitory process. In weak animals both the ex- 
citatory and inhibitory processes may be weak—this would 
be a case of absolute weakness. When the inhibitory proc- 
ess is strong (specially differentiated) its instantaneous 
or chronic prolongation to a period of five to ten minutes 
may not evoke any disturbance at all, or cause only a very 
slight one. But when the inhibitory process is weak, its 
chronic prolongation, for example, to thirty seconds instead 
of fifteen, often cannot be effected without causing serious 
consequences; a prolongation to five minutes, even if ef- 
fected once, is sufficient to cause a failure of the entire 
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conditioned reflex activity in the form of a persistent 
neurosis. 

The second essential index of the strength of the in- 
hibitory process is its ability rapidly and exactly to con- 
centrate. Usually when an inhibitory process begins to 
develop at a definite point, it invariably first irradiates 
and produces a prolonged, successive inhibition. But as 
soon as the animal possesses a strong inhibition, the latter 
inevitably begins to concentrate to an ever-increasing 
degree and, finally, the successive inhibition wholly or 
almost wholly disappears. When the inhibition is weak, 
it may remain forever in a more or less pronounced form. 
The concentration of a strong inhibition entails an acute 
positive induction, i.e., one which appears immediately or 
after a short period of time; it is manifested in heightened 
excitability both in relation to the stimulus closest in time, 
and to the positive stimulus at the point of inhibition (on 
its termination). 

Another index of the strength or weakness of the in- 
hibitory process is the duration of the development of the 
inhibitory conditioned reflexes; the delay in elaborating 
an inhibitory reflex may be due to the very great strength 
of the excitatory process and, consequently, to the relative 
weakness of the inhibitory process, as well as to an abso- 
lute weakness of inhibition. But the end of the elaboration 
is still more instructive. No matter how long the elabora- 
tion of an inhibitory process may last, it remains incom- 
plete forever; more often this takes place when the ex- 
citatory process is strong, when there is a relative weak- 
ness of the inhibitory process. In some cases the inhibitory 
process is obviously insufficient and reveals constant 
fluctuations, even to the extent of complete disappearance; 
this usually occurs in weak animals with an absolutely 
weak inhibitory process. 

The weakness of the inhibitory process is also expressed 
in‘the fact that an almost complete inhibitory conditioned 
reflex can be obtained only when in the course of the 
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experiment it is evoked first, before any of the positive 
conditioned reflexes; but if it is evoked in between the 
latter, it becomes considerably or almost completely dis- 
inhibited. 

Finally, the absolute weakness of ihe inhibitory process 
may also be seen from the animal’s attitude towards bro- 
mide. In weak dogs only very small daily doses of bromide, 
not more than a few centigrammes, or even milligrammes, 
and at most amounting to several decigrammes, prove to 
be efficient and useful, i.e., maintain a considerable con- 
ditioned reflex activity. This fact is explained as follows: 
since bromide undoubtedly bears a relation to the in- 
hibitory process, in the sense that it strengthens it, only 
a slight intensification of this process under the influence 
of bromide can be endured when there is an inborn weak- 
ness of the inhibitory process. 

Probably the following phenomenon, too, should be taken 
into consideration when determining the strength or weak- 
ness of the inhibitory process. When a differentiation is 
elaborated along with a positive stimulus, two contrary 
consequences are usually observed: either the effect of the 
positive stimulus increases, or, on the contrary, there is 
a decline of the effect compared with the level before the 
differentiation. What do these facts signify with regard to 
the strength of the nervous processes? It can be assumed 
that here it is a question af the strength or weakness pre- 
cisely of the inhibitory process. In the first case a strong 
inhibitory process concentrates and causes a positive in- 
duction; in the second case, being weak, it irradiates and 
continuously reduces the effect of its positive stimulus. 
A comparison with other more precise indicators of the 
strength of the nervous processes may help to establish 
exactly the mechanism of this phenomenon. 

As regards determining the mobility of the nervous proc- 
esses, until recently we, as mentioned above, did not pay 
special attention to this particular property of the nervous 
processes: hence, we do not possess, or to be more exact, 
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have not contemplated any special methods for determin. 
ing it. Consequently, the job of elaborating them stil} 
remains, or the corresponding experimental forms must be 
selected from among those already at our disposal. 

Perhaps a special and most precise method could be 
elaborated by means of trace conditioned reflexes. By 
changing, on the one hand, the duration of the indifferent 
stimulus, which must be turned into a special trace condi- 
tioned stimulus, and, on the other hand, the interval he- 
tween the end of the indifferent agent and the beginning 
of the unconditioned stimulus that reinforces it, we shall be 
able directly to measure the degree of inertness or lability 
of the given nervous system. It can be anticipated, for 
instance, that, depending on the time needed for the dis- 
appearance of the trace of the stimulus which has ceased 
to act, the above indicated interval will be of essential 
importance for a quicker or slower elaboration of a trace 
conditioned reflex, or even for the possibility of its elabo- 
ration in general. The duration of the indifferent stimulus 
will likewise make itself felt. It is conceivable that in a 
particularly inert nervous system there will be specially 
and rapidly revealed for this stimulus the minimum dura- 
tion under which it is still possible to elaborate a trace 
reflex. 

Next come the methods already tried on two of our dogs 
which exhibited a striking contrast with regard to the 
mobility of their nervous processes and which have been 
cited above as examples. We shall now dwell on them in 
more detail, partly for the purpose of their further method- 
ical examination and possible perfection, and partly, with 
the object of elucidating the mechanism of their action. 

It might seem that the last method, applied to the inert 
dog and consisting in a regular rhythmic reinforcement or 
non-reinforcement of one and the same stimulus, which 
determined the elaboration of the respectively interchang- 
ing excitatory and inhibitory processes, is specially de- 
signed to reveal the mobility of these processes, However, 
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this must be proved in a more precise way. By varying 
systematically in one and the same dog, as well as in dogs 
belonging to different types of nervous system, the dura- 
tion of the interval between the reinforced and non-rein- 
forced stimuli and by comparing the results, one can be- 
come fully convinced of the essential role played in this 
respect precisely by the mobility of the nervous processes. 
This has been just tested on the dog in question. After 
the summer recess last year the dog finally coped with the 
required rhythm at usual intervals of five minutes between 
the stimuli. When the intervals were reduced to three 
minutes, the rhythm became markedly disturbed. Conse- 
quently, the successful elaboration of a rhythm in different 
animals depends on the intervals, that is, on the degree 
of mobility of the nervous processes. The longer the re- 
quired interval, the lower the mobility, and vice versa. 
In order to clucidate the mechanism, I must speak in 
more detail about the complicated experiment (unsuccess- 
fully performed on the same dog) consisting in an unusual 
elaboration of a conditioned stimulus from an external 
agent; this stimulus repeated several times in the course 
of the experiment among ‘ther elaborated conditioned 
stimuli was reinforced only when applied the fourth time. 
Successful solution of the problem could be attained sub- 
ject to complete exclusion of the action of all other reflexes 
on the repeatedly applied agent. Only on this condition 
was it possible to establish a differentiation between the 
first repetitions of the agent and its last application. This 
probably occurs in the same way as the elaboration of a 
differentiation between particular moments of a protract- 
edly acting stimulus in the case of a considerably delayed 
conditioned reflex, when at the initial phases of the action 
of one and the same prolonged stimulus there develops an 
inhibitory reflex, and at the later phases—a positive reflex. 
Otherwise, i.e., under the action of other stimuli, the ex- 
citatory process evoked by the repeatedly applied agent 
would not show regular fluctuations depending exclusively 
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on the repetition of the agent, but would fluctuate acci- 
dentally and irregularly, depending in each case on the 
diverse influences of previously applied changing stimuli; 
hence, no differentiation between particular applications 
of the repeated agent could be elaborated. Consequently, 
only a high mobility of the nervous processes, i.e., a rapid 
development and discontinuance of the processes caused 
by all the other stimuli applicd in the experiment, includ- 
ing, of course, the process of eating, could ensure the suc- 
cessful solution of the problem. It should be added that 
this difficult problem was, nevertheless, solved by another 
dog, although after a longer period of time and with much 
greater and more painful strain (experiments of Vyrzhi- 
kovsky). The effect produced by the first three applications 
of one and the same new external agent, varying its place 
in the system of otber positive and negative conditioned 
stimuli, was inhibited; only the last, fourth, application 
became a constant, durable conditioned stimulus. Since in 
this dog the conditioned salivary reaction always preceded 
the addition of the unconditioned stimulus, our inert dog 
naturally could not make use of any extraneous signals, 
and consequently, the differentiation between particular 
applications of one and the same agent could take place 
only due to the distincLion made by the peripheral receptor 
and the corresponding nerve cell between the last and the 
first three applications, 

Hardly anything can be added to what has already been 
said about the methods and experimental forms testifying 
to the lability of the nervous processes in our first dog. 
The transformation of contrary conditioned stimuli into 
stimuli of opposite action is obviously determined, above 
all, by the mobility of the nervous processes which rapidly 
adapt themselves to the requirements of the new external 
conditions. This is generally proved by the greater or 
lesser difficulty with which this procedure is endured even 
by many strong equilibrated animals, to say nothing of 
weak and almost all castrated animals, which, as a rule, 
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fall into a chronic morbid state. Similarly the other ex. 
perimental form applied to this dog, namely, the rapid elab- 
oration of a considerably delayed conditioned reflex 
among other short-delayed conditioned reflexes applied 
much earlier, of course, directly testifies to the high mobil- 
ity of its nervous processes. The new excitatory process, 
despite the firmly established stereotype in the action of 
other stimuli, rapidly adapted itself to the requirements of 
the new condition, at first being replaced by a durable 
inhibitory process and then just as quickly reappearing . 
after slight modification in the course of its development, 
a modification which more closely coincided with the 
application of the unconditioned stimulus. 

Experiments with a direct transition from an inhibitory 
to an excitatory process and vice versa should likewise be 
included in the category of experimental forms ascertain- 
ing the mobility of the nervous processes. We know that 
in certain dogs this transition is accomplished easily and 
with exactitude, Sometimes, in particularly perfect types, 
the direct precedence of the inhibitory process, owing to 
its positive induction, determines even an increased effect 
of the positive stimulus; but in weak types this is usually 
accompanied by a breakdown, i.e., by a more or less seri- 
ous nervous disorder. 

The so-called reshaping of the stereotype, that is, a 
certain change in the sequence of a repeatedly applied 
system of the same conditioned reflexes (for example, a 
fully inverted sequence) must also be related to this cate- 
gory of experimental forms. In some dogs this change does 
not exert even the slightest influence on the effects of the 
different stimuli; in others it is sometimes accompanied 
by complete disappearance of the conditioned salivary 
reaction for days (in the case of food conditioned reflexes). 

In old age it often happens that the systems of condi- 
tioned reflexes, previously reproduced in a regular and 
stereotype way, i.e., with precise effects of the stimuli, 
become irregular and chaotic; the precision and constancy 
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of the effect can be re-established only by a simplification 
of the system—either by the exclusion of negative reflexes, 
or by a simultaneous reduction of the number of positive 
reflexes. It would be most natural to explain the mecha- 
nism of these facts by a decline, above all, in the mobility 
of the nervous processes, brought about by old age, as a 
result of which the inertness and duration of the processes, 
at previously established intervals, lead to a confusion and 
collision of the effects produced by the different stimuli. 
Certain morbid disturbances observed in our dogs when 
they have to solve difficult nervous tasks, expressed in 
pathological states of definite cortical points, should be 
also ascribed to pathological changes in the mobility of the 
nervous processes; such are the inertness and explosiveness 
of the excitatory process. On the one hand, it was fre- 
quently observed that the excitatory process of an isolated 
point of the cortex became abnormally tenacious: the 
effect of the conditioned stimulus connected with it was 
not susceptible to inhibition by preceding inhibitory reflexes 
to such a degree as the effects of other stimuli; its extinc- 
tion proceeded much more leisurely, and this stimulus did 
not lose its positive action, in spite of the fact that it was 
not reinforced systematically for weeks and months 
(Filaretov, Petrova). On the other hand, the previous stimu- 
lus, which had acted normally and whose moderate effect 
appeared after a certain delay, increasing after the addition 
of natural food stimuli and ending in the normal act of 
eating upon presentation of food, now, under a pathological 
state of the corresponding point of the cortex, began to 
produce a tremendous (secretory and motor) effect, 
arising and ending abruptly. When food was offered, the 
dog violently and obstinately rejected it (experiments of 
Petrova). It is clear that an extreme lability of the ex- 
citatory process was in evidence and that the latter, es- 
pecially due to its summation with natural food stimuli, 
rapidly reached the limit of working capacity of the corti- 
cal cell and evoked a very strong transmarginal inhibition. 
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Thus, I repeat, the possible variations of the basic prop- 
erties of the nervous system, as well as the possible com- 
binations of these variations, determine the types of nerv- 
ous system; as calculated, their number amounts at least 
to twenty-four. But life shows that the actual number is 
considerably smaller: we distinguish four types which are 
particularly distinct and strongly pronounced, and, what 
is most important, differ in their adaptability to the ex- 
ternal environment and their resistibility to morbific agents. 

We must admit a type of weak animals, characterised 
by a manifest weakness both of the excitatory and in- 
hibitory processes; they never fully adapt themselves to 
the conditions of life, are easily broken, often and quickly 
become ill and neurotic as a result of difficult life situa- 
tions, or, what is the same thing, of the difficult nervous 
tasks which we place before them. But of still greater 
importance is the fact that this type, as a rule, cannot be 
improved to any considerable degree by training and dis- 
cipline; it becomes fil only under particularly favourable, 
deliberately created, conditions, or, as we usually say, in 
hot-house conditions. 

The type is in contrast to the types of strong animals 
which in their turn markedly differ. 

Among the latter, in the first place, is the strong, but 
unbalanced type with a strong excitatory process, but 
with a weaker, and sometimes even a considerably weaker, 
inhibitory process, in view of which this type is also easily 
subject to pathological disturbances when inhibition is 
required. This, predominantly, is a fighting type, but not 
adapted to everyday life with all its fortuities and exi- 
gencies. Nevertheless, being strong, it is capable of dis- 
ciplining itself to a considerable degree, improving thereby 
the originally insufficient inhibition. We term it the ex- 
citable type, but to avoid misunderstanding and confusion 
it would be better to use the adjective impetuous, which 
directly stresses its defect and at the same time obliges 
Us to regard it as a strong type. 
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Krom this strong type one must single out the strong 
and equilibrated animals. 

But these animals, in their turn, differ greatly, first of 
all in external behaviour, and this, as we already know, 
is precisely due to the mobility of the nervous processes, 
In order io designate these strong and equilibrated types 
we can correctly accord them the attributes calm and 
lively, in conformity with their mobility. 

Such are the principal types which exactly correspond 
to the ancient classification of the so-called human temper- 
aments—melancholic, choleric, phlegmatic and sanguine. 

As for the less significant variations, they are most 
frequently met with, as already mentioned, in the weak 
type, but they have not yet been fully investigated and 
systematised by us. 

In conclusion I wish to say a few words about the fre- 
quency of these types among the multitude of dogs of 
various breeds that have passed through our laboratories 
during our study of the conditioned reflexes. The weak 
type inall its variations and the lively, sanguine type 
are the most frequent; then comes the impetuous, 
choleric type; rarest is the calm, phlegmatic type. 

Basing ourselves on the elementary physiological prin- 
ciples underlying the classification of the types of nervous 
system in animals, we must admit the same types in the 
mass of human beings—a classification already made by 
Greek classical thought. Thus, Kretschmer’s classification 
of nervous types, which has obtained almost universal 
recognition, especially among psychiatrists, must be re- 
garded as mistaken or inadequate. Kretschmer found his 
types in the clinic, among the ill. But are there not ab- 
solutely healthy individuals? And why must all human 
beings indispensably carry nervous and mental disorders 
in embryo? 

Kretschmer’s types represent only a part of all human 
types. His cyclothymics are closest to our excitable, im- 
petuous type, or-to Hippocrates’ cholerics, and his schizo- 
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thymics—to our weak type, or to Hippocrates’ melan- 
cholics. 

Since the first type lacks a proper abating and restorative 
process—the process of mhibition—its excitatory process 
often considerably exceeds the working capacity of the 
cortical cells. This causes a derangement of the proper 
interchange of normal work and rest, which manifests 
itself in extreme morbid phases of the excitatory and 
inhibitory states, both with regard to intensity and dura- 
tion. Hence, the eventual development of a manic-depres- 
sive psychosis under particularly difficult circumstances 
of life, or under certain unfavourable conditions of the 
organism. 

In the second type both processes are weak, and because 
of this it cannot endure individual and social life with its 
severe crises, which mostly fall on a still young, not 
sufficiently adjusted and hardened organism. This may 
lead, and often does lead, to a complete destruction of the 
higher part of the central nervous system, unless some 
lucky chance in life, or, more often, the protective function 
of the inhibitory process, does not save it from disastrous 
overstrain during this difficult period. It can be rightfully 
assumed that for those representatives of the weak type 
who end up with schizophrenia there are certain specific 
conditions, such as a particularly irregular course of de- 
velopment, or permanent auto-intoxication, causing ex- 
treme fragility of he nervous apparatus. Aloofness or reti- 
cence which, according to Kretschmer, is the main feature 
of schizothymics from childhood, does not present any- 
thing specific; in the case of a weak nervous system it is 
merely a general indication of the extreme complexity of 
the social environment; hence the natural withdrawal from 
it. Ig it not a widely recognised and current fact that the 
mere transfer of a nervous person to a Clinic or sanato- 
rium, that is, the simple act of removing the patient from 
his everyday surroundings, affords relief and is even of 
curative importance? 
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It should be added that reticence or aloofness from 
society is by no means an exceptional feature of schizo. 
thymics, i.e., of weak individuals. Even strong persons may 
be reserved, but for quite different reasons. This type of 
person leads a strenuous but at the same time one-sided 
subjective life; he early becomes possessed by a certain 
inclination, concentrates on a single aim and is dominated 
and carried away by a single idea. Other people are not 
only undesirable; they even disturb him and distract him 
from the principal object of life. 

Naturally, there are many great men also among cycio- 
thymics (the strong type). But it is understandable, that, 
being unequilibrated, they possess a particularly fragile 
nervous system. Hence, the widespread and vividly dis- 
cussed problem: genius or insanity? 

And then comes, of course, the multitude of human 
beings more or less strong and even exceedingly so, and 
al the same time equilibrated, the phlegmatics and the 
sanguines, the people who make the history of mankind 
either by their systematic mundane but indispensable 
labour in all branches of life, or by the exploits of their 
mind, lofty emotions and iron will. Of course, as far as 
great men are concerned, no matter how strong they may 
be, they are also subject to breakdowns, since the scale of 
their activity is extraordinary, and there is a limit to any 
strength. 


EXPERIMENTAL PATHOLOGY OF THE HIGHER 
NERVOUS ACTIVITY“! 


First I should like to say a few introductory words 
concerning the complicated fate of our work in the sphere 
of physiology and pathology of the higher nervous activity, 
assuming that the adjectives “higher nervous” conform to 
the adjective “psychical”. 

Thirty-five years ago I was engaged in the investigation 
of digestion—previously a special subject of mine—and 
among other things I investigated the so-called ‘psychical 
secretion of saliva’. Intending to subject it to further 
analysis, I soon became convinced that if we adopted the 
psychological standpoint, that is, if we started guessing 
what the dog feels, thinks, etc., nothing would come of it 
and no exact knowledge could be obtained. It was then 
that I first decided to treat this psychical phenomenon, 
this “psychical salivation” as objectively, that is, solely 
from without, as everything else is studied in physiology. 
Soon Dr. Tolochinov became my associate and we began 
this work together. Helped by numerous collaborators we 
have been carrying on this work incessantly for the last 
thirty-five years. 

At the outset the work was marked by a slight but inter-. 
esting Occurrence in our laboratory life. When I decided 
to continue the work along those’lines, one of my collab- 
orators, a very clever and alert young man who had 
worked with me on another, ordinary physiological subject, 
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expressed his astonishment and even indignation. “How 
is that?” he said. “For goodness’ sake! Is it conceivable 
to study psychical activity on dogs, and in the laboratory?” 
And this, as 1t appeared subsequently, was very significant. 
Twelve years later, when I travelled to London for the 
jubilee celebrations of the Royal Society, I met the leading 
British neurophysiologist Sherrington. “You know,” he 
said to me, “your conditioned reflexes would hardly be 
popular in England, since they have a materialistic 
flavour.” 

Well, and how do matters stand at present? I must tell 
you that these first impressions of our new work are still 
typical of the attitude to it of a considerable part of the 
educated public; and because of this work I am regarded 
by many as a very odious person. 

Now, what about science? Here, too, the situation is far 
from being definite. True, in England, the country with 
which Sherrington tried to frighten me, there is an alto- 
gether different situation. There, the theory of the condi- 
tioned reflexes is now taught in all schools. It has been 
widely recognised also in the United States. But this is 
a long way from being the case in all countries. In Ger- 
many, for instance, the approach towards this theory is 
far from being such. Not very long ago a German professor 
of physiology visited Kharkov: in the course of a conver- 
sation with Professor Volborth—one of my former assist- 
ants—about conditioned reflexes, he plainly stated that 
this was “‘keine Physiologie’’. 

It should be added that in general physiologists still 
cannot exactly determine the proper place of conditioned 
reflexes in the textbooks on physiology. It seems to me 
that these reflexes must be rightfully advanced to the fore 

.when expounding the physiology of the cerebral hemi- 
spheres, since they represent the normal, objectively es- 
tablished work of these hemispheres. Analytical data 
accumulated up to the present time by means of stimula- 
tions, extirpation and other methods of investigating the 
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cerebral cortex, must follow, naturally, the description of 
the normal activity. 

I do not know what impression our modern physiology 
of conditioned reflexes expounded by Prof. Podkopayev 
has made on you, but in submitting the pathology of these 
reflexes, I make so bold as to think that you will see for 
yourselves how expedient and fruitful our method of treat- 
ing the subject is. That is why I deemed it necessary to 
begin with this short introduction. 

Now for the subject itself. I am very glad that Prof. 
Podkopayev delivered his lectures on the physiology of con- 
ditioned reflexes, prior to me, before this very audience; 
this relieves me of the need to make any preliminary ex- 
planations. I take it for granted that all of you are in pos- 
session of the basic physiological data, and so I shall 
proceed directly to an exposition of the purely pathological 
facts. 

The nervous activity, as all physicians are aware, con- 
sists of two mechanisms, or two processes—excitatory and 
inhibitory. With regard to these two processes we distin- 
guish three fundamental elements, namely, the strength of 
both the excitatory and inhibitory nervous processes, the 
mobility of these processes—their inertness or lability— 
and finally, the equilibrium between these processes, 

Certainly, the entire normal higher nervous activity, or 
in the usual terminology, the psychical activity, not only 
of animals, but also of man, is based on the normal course 
of these processes with their inherent properties. At least 
our experiments with dogs, our usual objects of investiga- 
tion, have convinced us that all their intricate and highly 
complex relations with the surrounding world fully come 
within the bounds of our research into the above-mentioned 
processes and their properties; they are comprehended by 
us to the extent permitted by the possibilities of our experi- 
ments. 

We can divert all these processes with their basic prop- 
erties from their normal path and-cause them to become 
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pathological. For this purpose we have quite definite 
methods at our disposal. There are three of these methods 
—overstrain of the excitatory process, overstrain of the 
inhibitory process and overstrain of the mobility of the 
nervous processes. As to the latter methods, it should be 
pointed out that the expression “overstrain of the mobility 
of the nervous processes” 1s actually used by me for the 
first time; usually we referred to it as collision of the 
excitatory and inhibitory processes. 

How to weaken the excitatory process, to make it 
pathological? For this purpose it 1s necessary to act upon 
the cell, within which the excitatory process is produced, 
by an external agent of a very great, extraordinary 
strength; by doing so we overstrain the work of the cell, 
its excitatory process, as a result of which the latter be- 
comes pathological, 

In a similar way, that is, by overstrain, the inhibitory 
process can also be made pathological. 

You already know how we obtain inhibition by means 
of negative conditioned stimuli. Let us suppose that a given 
conditioned inhibitory stimulus has constantly evoked in 
its cell inhibition of half a minute duration and that the 
cell has endured it very well. I then expressly prolong the 
action of the same stimulus for five or ten minutes. A strong 
cell is able to sustain it, but in a weak cell the inhibition 
breaks down; the work of the cell becomes pathological 
and changes in different ways. 

Finally, the third method. It is possible to make both 
the excitatory and inhibitory processes pathological by 
means of abruptly transforming, without any intervals, the 
inhibitory state of the cell into a state of excitation, or 
vice versa. We usually refer to this as a collision between 
the excitatory and inhibitory processes. It is obvious that 
a certain amount of time is required for a corresponding 
change in the activity of the cerebral cells, just as it is 
required for any other activity. Under such collisions only 
those cells may‘remain unaffected and intact where the 
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basic nervous processes are strong and especially where 
these processes are highly labile. 

Now, what results from the action of these morbific 
methods? How does deviation from the normal occur? How 
is the pathological state of the cells originated? A general 
weakening of the cell takes place. As to the excitatory 
process, the cell becomes incapable of performing the work 
which it performed previously, i.e., the limit of its work- 
ing capacity decreases, and this manifests itself in the 
following pathological phenomena. 

You are aware that if we have before us an absolutely 
normal cell and that if we apply external agents of differ- 
ent physical strength as conditioned stimuli, the conditioned 
effects of these stimuli more or less correspond to their 
physical strength. 

Now, if we break this cell down, i.e, if we overstrain it 
and thus make it pathological, its relation to the stimuli 
becomes different. In some cases conditioned positive stim- 
uli of different physical strength produce an equal effect, 
and then we say that this is the equalisation phase of the 
cell’s activity. In other cases, when the weakening of the 
cell, iie., the decrease in the limit of its working capacity, 
is progressing, a state sets in in which strong stimuli 
produce a lesser effect than weak ones; this is the paradox- 
ical phase. Finally, a further disturbance of the cell's 
activity manifests itself in the fact that the cell no longer 
responds to the positive stimulus, whereas the inhibitory 
stimulus produces a positive effect; we have termed this 
phase the ultraparadoxical phase. 

Besides the decline in the limit of working capacity, i.e., 
the weakening of the excitatory process in the cell, there 
can also be observed other changes of the excitatory proc- 
ess. One of the most striking of these—particularly inter- 
esting and particularly applicable in neurology and psychi- 
atry—is the inert state of the excitatory process, ie., a 
state in which the excitatory process becomes more tena- 
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cious, persistent, and gives way more slowly to normally 
arising inhibitory influences. 

I shall dwell for a while on inertness. The excitatory 
process normally, even in healthy people, varies not only 
in strength, but also in another respect—in mobility. With 
some people the excitatory process is less mobile, i.e., it 
is more susceptible to stimulation, reacts more quickly 
under the influence of stimulation; at the same time, when 
the stimulation is over, its effect disappears sooner than 
with other types of norma! people. 

On this basis we, like Hippocrates, divide the equili- 
brated, strong animals into two categories—the phlegmatic 
and the sanguine. The phlegmatics, it follows, will be char- 
acterised by a relatively slow development of the excitatory 
process, the sanguines—by a quick one. 

But this is within the bounds of normalcy. If, however, 
I act on the cell by means of morbific methods, I can make 
the inertness of its excitatory process excessive and 
pathological so that its state of excitation becomes exceed. 
ingly persistent. 

Concerning the pathological changes of the excitatory 
process the following addition should be made. Two morbid 
changes in its mobility are observed. ‘One of these I have 
just mentioned—pathological stagnation. Given other mor- 
bific conditions we get a diametrically opposite state of 
the nerve cell, namely, pathological lability. In neurology , 
this is known as excitatory weakness, i.e., a state in which 
the cell becomes very alert, very rapidly reacts to stimula- 
tion, and at the same time quickly becomes bankrupt and 
weakens. We call this the state of explosiveness. 

In the same way it is possible to break down (in our 
usual laboratory terminology) the inhibitory process as 
well, to make it pathological. By means of a sudden, and 
not gradual, considerable extension of the duration of the 
inhibitory state in a cell through the action of a corre- 
sponding external stimulus, we can greatly weaken the 
inhibitory function of the cell and almost fully destroy it. 
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Tt should be pointed out that in this respect the inhibitory 
process has been investigated to a lesser degree than the 
excitatory one. 

The inhibitory process, too, usually manifests itself in 
different ways with regard to its mobility. Sometimes it 
develops rapidly and just as rapidly vanishes; sometimes, 
on the contrary, it assumes a more protracted character. 

Thus, the inhibitory process is either normally inert or 
normally labile. However, it can also be brought to a 
pathological state with regard to inertness. In our labora- 
tory there is a dog which has been exhibiting pathological 
inertness for the past three years. In this animal under 
the influence of frequent collisions, the positive stimulus 
began to evoke, instead of the normal excitatory process, 
an inhibitory one, and of such a persistent nature that al- 
though we constantly reinforced it under favourable con- 
ditions in the course of the three years, we just could not 
restore its initial positive effect. Only recently did we find 
a means of changing this state of affairs, but I shall speak 
about that at the end. 

Thus, you have before you, in general outline, the changes 
which occur under the action of morbific agents—the 
change in the excitatory process, the change in the in- 
hibitory process and, hence, as a result, a derangement of 
the proper correlations between the excitatory and in- 
hibitory processes. But the normal activity of the nervous 
system is, of course, determined by an equilibrium between 
these basic processes with their normal properties. 

I must tell you that often it is quite easy 10 obtain a 
pathological state of the higher nervous activity with the 
help of the methods I have just mentioned. But, depending 
on the types of nervous system, one can observe a great 
difference in the facility with which this pathological state 
is attained. 

In equilibrated and strong animals, ie., those in which 
both the excitatory and inhibitory processes are of equal 
strength and whose lability is normal, it is, of course, 
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likewise possible to produce a nervous disorder; however, 
it would take considerable time and labour, since it neces- 
Sitates trying different methods. In excitable and weak 
animals this is very easily attained. As you already know, 
we classify as “excitable” that type of animal in which the 
excitatory process 1s very strong; the inhibitory process js 
probably also considerable, but the two processes do not 
conform. The excitatory process strongly predominates, 
and therefore in this type the negative stimuli hardly ever 
reach zero, This type can be broken down rather easily, 
i.e, made pathological, As soon as it is offered a series 
of tasks calling for a considerable degree of inhibition, it 
becomes quite weak—the animal can no longer discern 
anything, inhibit anything, i.e., it becomes neurotic. 

As regards animals of the weak type, they can be easily 
made abnormal by all our methods. 

The neurotic state manifests itself in the fact that the 
animal does not properly respond to the conditions in 
which it exists. This relates both to its laboratory char- 
acteristics and general behaviour. With regard to the latter 
everyone will admit that whereas previously the dog was 
normal, it is now ill. 

In the laboratory we usually apply a system of condi- 
tioned reflexes—positive and negative—which are elabo- 
rated on the basis of various unconditioned stimuli: posi- 
tive reflexes to stimuli of different physical strength and 
negative reflexes of different kinds. This entire system is 
normally governed by strict rules: the positive effect de- 
pends on the strength of stimulation; the inhibitory stim- 
ulus produces a greatly diminished or a zero effect, etc. 
Under the influence of our morbific methods all or many 
of the normal reactions become weakened and distorted. 

The disturbed nervous equilibrium is clearly observed 
not only by us in the system of conditioned reflexes; our 
attendants also notice it. The dog obeyed them previously, 
behaved orderly, it knew where to go when led to an ex- 
periment. Now everything has abruptly changed. And the 
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attendants simply say that the dog has become stupid. and 
even has gone mad. 

The pictures of neuroses in diseased animals vary con- 
siderably owing either to the different intensity of the 
disorder, or to the appearance in the foreground of this 
or that pathological symptom. Recently we have observed a 
particularly large number of such neuroses and neurotic 
symptoms on an organically pathological basis, namely, 
on castrated animals. It goes without saying that castra- 
tion itself disturbs the normal relations within the nerv- 
ous system, I shall, therefore, briefly touch on the post- 
operative state of our dogs, as far as their nervous system 
is concerned. 

One of the most striking of the morbid, neuropatholog- 
ical symptoms appearing almost immediately after castra- 
tion is an enormous decline of the inhibitory process, of 
the inhibitory function, so that the dog, which prior to 
the operation acted in an exemplary manner, in full ac- 
cordance with the conditions influencing its nervous sys- 
tem, now becomes quite chaotic. Normally one sees day 
after day an absolutely uniform and perfectly exact system 
of conditioned reflexes, but after castration no day is sim- 
ilar to another; there is a series of entirely different days 
and there is no order whatsoever. 

One more very important detail manifested itself shortly 
after castration and surprised even us. In the case of strong 
types, the action of the animals after castration, as I have 
just said, is extremely distorted and instead of being strictly 
regular, becomes chaotic. In the case of weak types the 
reverse is the case. For some time after the operation the 
dogs behave better and more orderly than before. True, 
this different condition exists only temporarily—for one, 
one and a half or two months, Then the nervous activity in 
these dogs, too, becomes weakened just as that in strong 
dogs. I shall revert to this question later and show on what 
this difference is based and how we interpret it. 

Then, after months of entirely chaotic activity a circu- 
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larity sets in which did not exist before, i.e., the dogs do 
not work and manifest their system of conditioned re- 
flexes in a disorderly manner constantly, i.e., from day to 
day, but their activity now periodically changes. It is 
chaotic for a while and then for a certain period it greatly 
improves in a sponlaneous way and becomes more or- 
derly. And as time goes on, the more distinct this perio- 
dicity becomes; the periods of better work are more fre- 
quent and of larger duration, until after some years every- 
thing becomes normal. This, obviously, denotes the exist- 
ence of certain adaptability in the organism. 

Of course, since we know the system of endocrine glands, 
which to a certain degree assist and replace one another, 
it is conceivable that in time the defect sustained by the 
organism immediately after castration becomes more or 
less levelled out. But the return to the apparent normal 
after castration takes place in different dogs after differ- 
ent periods; with some it occurs after one month, with 
others it takes years, and there are dogs in which this 
state has so far not set in at all. This is obviously connect- 
ed with the initial strength of the nervous system. 

It is clear that in these castrated dogs, after their full 
or partial recovery, it is possible to produce various neu- 
roses much more easily than in absolutely normal dogs, 
since in the former the equilibrium has already been dis- 
turbed, and naturally they are, so to speak, more fragile 
than normal dogs. Thus, we can produce in them numer- 
ous neurotic disturbances by means of the above-men- 
tioned morbific methods. 

To a considerable degree the pathological nervous states 
produced by us conform to the so-called psychogenic 
diseases in human beings. The same overstrain and the 
same collisions of the excitatory and inhibitory processes 
are also encountered in our own lives. For instance, some- 
body has deeply insulted me and I for some reason or other 
have not been able to respond to it by corresponding words, 
or, moreover, by a certain action, with the result that I had 
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to overcome the struggle or conflict between the excitatory 
and inhibitory processes within myself. And this was re- 
peated more than once. Or let us take another case from the 
literature on neuroses. A daughter is at the sick-bed of her 
father whom she loves deeply and who is living his last 
days; however, she must pretend that everything is all 
right and that everybody expects his recovery, whereas in 
reality she is weighed down by unbearable anguish and 
sorrow. This often leads to breakdowns, to neuroses. 

Indeed, can we find any essential physiological differ- 
ence between such breakdowns and those which we obtain 
in our experimental animals by colliding the excitatory and 
inhibitory processes? 

But in addition to these neuroses, there must be, owing 
to the extreme complexity of our brain in comparison with 
that of the higher animals, special human neuroses, to 
which I ascribe psychasthenia and hysteria. These states 
cannot be produced in dogs, since in cases of this kind 
the division of the human brain into a higher, purely human 
part, connected with speech, and a lower part, which, just 
as in animals, receives the external impressions and di- 
rectly analyses and synthesises them in a certain way, 
makes itself felt. But neurasthenic states of different kinds 
can be fully reproduced in animals. 

In view of the fact that our data seemed to me sufficient 
for a physiological interpretation of the mechanisms of 
nervous diseases, I decided, two or three years ago, to 
visit the neurological and the psychiatric clinics (of course, 
devoting only a little time to the matter), As far as the 
neurological clinic is concerned, I can say that practically 
all the neurotic symptoms and pictures observed there can 
be understood and connected with our pathophysiological 
laboratory facts. And this is not only my personal opinion, 
the opinion of a physiologist, it is also the opinion of neu- 
ropathologists who acquainted me with the clinic and who 
admit that our physiological interpretation of neuroses is 
not fantastic, that we are really laying a solid foundation 
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for constant contact between our laboratory facts and 
human neuropathological phenomena. 

Before passing to another category of our facts I shall 
explain a phenomenon which I have mentioned but have 
not analysed in detail. 

Why is it that animals with strong nervous systems im- 
mediately after castration become chaotic, and only later, 
after a certain time, does their behaviour more or less level 
out, while animals with weak nervous systems, on the con- 
trary, immediately after castration behave better, in a 
more regular manner than before castration, and only later 
become disabled? 

We think that this phenomenon should be explained in 
the following way. Since an animal possesses sex glands, 
it experiences sexual excitation; consequently, additional 
impulses come to the brain and tonify it; but the brain is 
weak. Hence the deficiency in the general nervous activ- 
ity. With the removal of the sex glands the additional 
stimuli disappear, the nervous system is eased, and its ac- 
tivity in all other respects assumes a more expedient char- 
acter. There is nothing fantastic in this explanation. We 
clearly observe the same in another, more tangible case. 
The degree of appetite in the experimental dog is of great 
importance in our system of conditioned reflexes. If you 
have a strong dog and increase its food excitability by 
means of a certain method (while performing experiments 
with food reflexes), then all its conditioned effects are in- 
creased. On the contrary, with a weak dog a heightened 
food excitability usually leads to a decline of the condi- 
tioned reflexes, i.e., the additional excitation cannot be 
endured by the dog, and is accompanied by inhibition, which 
we, therefore, call protective. 

Now I shall proceed to another category of facts. The 
development of definite pathological states in the nervous 
system with ihe aid of our definite methods is, of course, 
based on the fact that our concept of the mechanism of 
this system is to a certain degree correct. The power of 
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our knowledge over the nervous system will, of course, ap- 
pear to much greater advantage if we learn not only to 
injure the nervous system but also to restore it at will. 
It will then have been really proved that we have mastered 
the processes and that we can control them. Actually, this 
is the case. In many instances we not only bring on disease, 
but eliminate it with great exactitude, one might say, to 
order. Of course, in this case it was necessary, above all, 
instead of reasoning and searching for various remedies at 
random, to be guided by the indications of medicine. Thus, 
bromide plays a very important role with us. But in order 
to apply this remedy accurately thorough knowledge of 
the mechanism of its action was necessary. 

With regard to bromide we have definitely established, 
without the least doubt, that its action is quite different 
from that hitherto assumed and possibly still assumed by 
pharmacologists. The physiological effect of bromide con- 
sists not in decreasing excitability or in weakening the 
excitatory process, but in intensifying the inhibitory proc- 
ess, Bromide bears a special relation to the mhibitory proc- 
ess, and this can be proved by numerous experiments. 
Here, for example, is a very simple experiment which we 
always apply when need arises. 

You have an excitable type of dog—the type in which 
the excitatory process is extremely strong and the inhibi- 
tory process relatively weak. Consequently, the dog can- 
not bring its inhibitory reflexes to a complete zero—its 
inhibition is insufficient. You administer bromide to the 
dog and immediately obtain complete inhibition. You often 
observe in this case also a greater positive effect than 
previously, before ‘the administration of bromide. But 
there is another, no less important side to the effect of 
bromide. 

Although bromide has been rightly used as a remedy for 
nervous diseases for years (I do not know exactly for how 
many years but not less than sixty or seventy), it is an 
absolute truth that to this day medicine has not always 
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used this powerful instrument of nervous therapy in a 
proper way, often committing a very serious error. 

You administer bromide in a case of a neurotic state, 
Let us suppose that the bromide produces no effect. Then 
you increase the dose thinking that the previous dose was 
too small. But this is true only in one series of cases, In 
other cases, and probably in the overwhelming majority 
of them, the dose must be decreased and not augmented. 
Often you must even decrease the dose to a very consider- 
able degree. The gradation of the useful doses of bromide 
is highly extensive; in our dogs its limits are approxi- 
mated to a thousandfold. This is absolutely true and we all 
guarantee it. Consequently, a very important correction 
must be made in medicine 1n this respect. If you administer 
an excessively large dose, you may obtain an injurious 
instead of a beneficial effect; you may cause the patient 
serious injury. 

There can be no question, of course, that this is true 
only of dogs, and that with nervous people matters are dif- 
ferent. The neuropathologists in our clinic have observed 
that when they took these facts into consideration it turned 
out that in many cases successful treatment necessi- 
tated not an increase in the doses of bromide but reduc- 
tion to decigrammes and centigrammes. The general laho- 
ratory rule is: the weaker the type of nervous system and 
the given nervous state, the smaller must be the dose of 
bromide. 

As is also well known in medicine, rest, too, provides 
a certain curative effect in laboratory neuroses. If a dog 
has been made neurotic by us, it is often helpful not to 
work with this dog every day, since a daily system of our 
conditioned reflexes is undoubtedly a difficult task, which 
in this state is beyond the dog’s strength. As soon as you 
introduce a regular two-or three-day recess between the 
experiments, the nervous system begins to recover. 

In some cases it has been observed that rest, as it were, 
substitutes bromide. Suppose you have a dog whose work 
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after castration is chaotic. You can help it in two ways: 
either you make it work (that is, you experiment with it) 
not every day, but once in two or three days, with the 
reguit that its work considerably improves; or you admin- 
ister a suitable dose of bromide which produces the same 
effect. 

It should be pointed out that we are now applying an- 
other extremely important method of treatment, but as yet 
we are not entitled to say definitely that it is an agent 
of radical treatment. Still, it is impossible not to pay 
attention to it and not to look upon it with great 
hope. 

With the help of our morbific methods, which make the 
whole cerebral cortex pathological, it is also possible to 
cause a completely isolated region of the cortex to become 
ill; this is an extremely important and highly impressive 
fact. Suppose you have a dog with a Series of different 
acoustic conditioned stimuli: beats of the metronome, a 
noise, a tone, a crackling or a gurgling sound, etc. From 
all these stimuli it is not difficult to obtain only one which 
would prove noxious and evoke a sharp deviation from the 
normal. So long as you apply the other acoustic stimuli, 
the animal’s behaviour is orderly and its work is quite reg- 
ular. But the moment you touch the point of application 
of the morbific stimulus, not only is the reaction to it 
distorted in one degree or another, but thereafter the en- 
tire system of conditioned reflexes becomes deranged, and 
its harmful effect spreads over the whole cerebral cor- 
tex, This fact in itself leaves no room for doubts, since 
it has been,frequently produced and is being produced now 
by many experimenters. 

But here I would like to draw your attention to the fol- 
lowing. When I enumerated all our sounds, it was obvious 
that they were of a more or less complex nature. How, 
then, are we to picture the disorder of the cerebral cortex 
in relation to separate sounds? It can hardly be assumed 
that to each sound applied by us there corresponds a par- 
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ticular group of nerve cells receiving the elementary acous- 
tic stimuli of which the sound is formed. It is more prob- 
able that in the case of each of our acoustic stimuli it 
is a question of a dynamic structural complex, whose ele- 
ments, the corresponding cells, enter also into other 
dynamic complexes when other complex sounds are applied. 
And it 1s the results of the difficulties created by our mor- 
bific methods in the process connecting and systematising 
the dynamic complexes that are responsible for the de- 
struction and disturbances in those complexes. 

Isolated pathological points can be obtained in all parts 
of the cerebral hemispheres. Here is an example. You elab- 
orate conditioned positive stimuli from a mechanical stim- 
ulation of different spots of the skin. You can obtain 
such a state when in two points of the skin the excitatory 
process does not call forth any pathological effect while 
the third is functionally pathological. 

We now have a dog of the excitable type, i-e., one in 
which the excitatory process is extremely strong but in 
which the corresponding inhibition is insufficient. This dog 
has been castrated. Being of a strong type it recovered 
rather quickly. Since it was excitable much time and ef- 
fort was required prior to castration to elaborate in it a 
differentiation to the metronome. For a period after castra- 
tion our laboratory sustained some trouble: there was a 
shortage of food for the animals and they became emaciat- 
ed. Due to the general nervous exhaustion the reflex of 
our dog to the metronome, which had been complicated 
by a difficult differentiation, became morbid, while all other 
conditioned reflexes remained unaffected. As sqon as met- 
ronomes were applied, normal work with conditioned re- 
flexes became impossible. We tried to exclude the inhibitory 
metronome as the more difficult one, and to make use only 
of the positive metronome, but that did not change the pic- 
ture. Bromide proved ineffective, which, for some unknown 
reason, 1s generally the case in disorders of isolated points 
of the cerebral hemispheres. 
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Then the question arose whether the same thing would 
occur in another part, in another analyser of the cerebral 
hemispheres where the excitatory and the inhibitory proc- 
esses would collide. In order to obtain an answer to this 
question we selected the cutaneous region, where we could 
apply an easier differentiation, i.e.. make one spot of the 
skin positive and another inhibitory. The stimulation of 
one spot was reinforced by feeding, while that of the other 
spot was not. The effect was the same. So long as the 
positive conditioned stimulus alone was being elaborated, 
the dog behaved quite normally, and the entire system of 
reflexes was in order. But as soon as the inhibitory stim- 
ulus began to manifest itself, all the reflexes diminished 
and became distorted; the dog became extremely violent, 
so that the experimenter could not attach the apparatus 
to the skin or take it off without the risk of being 
bitten. 

Now I wish to direct your attention to the following 
interesting phenomenon. When we had such isolated points 
in the cerebral cortex of other dogs, their harmfulness and 
morbidness were expressed only in the fact that their stim- 
ulation resulted in the derangement or destruction of our 
entire system; but our observations showed that this was 
never accompanied by a manifestation of pain in the ani- 
mals. However, in this case there was a distinct impression 
that the touch to the skin became painful. How is this phe- 
nomenon to be explained? 

As a matter of fact the only difficulty during the colli- 
sion of the excitatory and inhibitory processes was in the 
brain, and this difficulty made itself felt in the system of 
conditioned reflexes. What, then, caused the pain in the 
skin? Apparently this may, and should, be explained in 
the following way. In a certain point of the cerebral cor- 
tex of the dog there arises a considerable difficulty, which 
must cause pain, just as you feel a kind of heaviness, a 
very disagreeable sensation in your head when you tackle 
an extraordinary difficult problem. We must assume a sim- 
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ilar state in our dog. But in the course of these experi- 
ments the dog apparently formed a conditioned connection 
between the attaching of the apparatus to the skin and the 
difficult state of the cutaneous analyser in the brain; con- 
ditionally the dog transfers the struggle against this diffi- 
cult state in the brain to the moment of skin stimulation, 
exhibiting resisiance to any contact with the skin. Howev- 
er, this is not a hyperaesthesia of the skin. Consequently, 
this is an extremely interesting case of objectification of 
an internal cerebral process, a manifestation of the strength 
of its connection with the stimulation of the skin. As for 
the brain, we must assume merely a special kind of heavy 
sensation in it, a peculiar kind of pain. It is not without 
reason that psychiatrists have described melancholia as 
a mental pain, or a cortical pain, the sensation of which 
differs from the pain caused by wounds or disorders of dif- 
ferent parts of the organism. 

Thus, for a long time we could not do anything with 
this dog. At last, however, a favourable way out was found 
thanks to the good fortune of one of my oldest and most 
valuable associates, Dr. Petrova. Formerly Petrova worked 
as a therapist, but later she was enticed into the study of 
conditioned reflexes and has devoted herself entirely to 
it for many years. I had an interesting experience in this 
connection. I must tell you that although I began my pro- 
fessorship as a pharmacologist, I have always had a strong 
prejudice against introducing several substances at a time 
into the organism. It always struck me as strange whenev- 
er I saw a prescription containing three and more drugs. 
What a brew! And I had always been against such combi- 
nations of pharmaceutical remedies in the physiological 
analysis of phenomena; in this I proceeded from the prin- 
ciple that the simpler the conditions of the phenomena 
are, the better the chances for elucidating them. I admitted 
bromide to our laboratory as a single drug basing myself 
on medical practice; caffeine was also introduced as a sep- 
arate stimulant related to the excitatory process, But I 


372 


was always against using them in combination. However, 
the therapist, being used to combinations, insisted on a trial, 
and proved to be right. The effect was extraordinary and 
miraculous. When a mixture of bromide and caffeine was 
given to the dog mentioned above, the persistent neurosis 
immediately disappeared without leaving the slightest 
trace. We acted carefully. Having administered the mixture 
of bromide and caffeine for two days, we at first tried only 
the positive mechanical stimulation of the skin. The ef- 
fect proved to be normal; the animal was absolutely quiet 
and no derangement of the system of conditioned reflexes 
was observed. A little later, being encouraged by the re- 
sults of the trial of the positive stimulus, we applied the 
negative one. In this case too the effect proved to be the 
same—there was not the slightest trace of the former mor- 
bid reaction. 

Post factum it was not difficult for me to build a re- 
spective theory. Now I presented the matter to myself in 
the following way. Certainly it must be assumed that in 
the overwhelming majority of cases a disorder of the nerv- 
ous system is a disturbance of the proper correlations be- 
tween the excitatory and inhibitory processes, as it ap- 
peared in the course of application of our morbific methods. 
Now since we have, so to speak, two levers in the form of 
pharmaceutical remedies, two communicators towards the 
two chief apparatus, i.e., towards the two processes of nerv- 
ous activity, then by putting into action and correspond- 
ingly changing the strength now of one, now of the other 
lever, we have a chance of restoring the disturbed 
processes to their former place, to their proper correla- 
tions. 

We have another similar case. I have already mentioned 
the case of the dog in which the pathological inertness of 
the inhibitory process lasted for three years, i.e., its pos- 
itive process became pathological and the positive stimu- 
lus turned into an inhibitory one. Although we have been 
constantly reinforcing this stimulus for three years now, 
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i.e., we have been creating the conditions under which it 
ought to be positive, we have always had it inhibitory. No 
matter what we tried—bromide, rest, etc.—nothing helped, 
Under the influence of the mixture of bromide and caffeine 
this stimulus which for such a long time produced a 
morbid reaction, has now assumed a normal positive 
effect. 

In the same dog, parallel with the pathological inertness 
of the inhibitory process, there was pathological lability of 
the excitatory process on another stimulus, ie., it devel- 
oped its action not gradually but impetuously, in an ex- 
plosive manner; but a negative phase set in quickly in the 
course of the excitation. At the first moment of the appli- 
cation of this conditioned stimulus the dog makes a violent 
effort to reach the food receptacle and exhibits a profuse 
salivary secretion, but soon, already in the course of exci- 
tation, the salivation stops; when you begin to reinforce the 
stimulus and offer food, it does not take it and turns away. 
This pathological phenomenon, too, disappears under the 
action of our mixture, the morbific stimulus becoming 
quite normal in its action. 

Interesting too is the following fact. We administered 
the mixture to this dog for ten days and then decided to 
find out whether the cure was radical. But this was not the 
case. When we ceased to administer the mixture the old 
relations returned. Of course, much more time is probably 
required to eliminate the disturbances entirely. But one 
can also assume that we really establish correct relations 
between both processes changing them temporarily, but 
do not treat the processes themselves, or at least both of 
them simultaneously. It is clear that should it be the first 
case, it is a great triumph for therapy. In any event, in 
the present-day palliative, and possibly future radical treat- 
ment by means of a mixture of bromide and caffeine, it is 
necessary to take into account the extreme precision of 
the dosage of both drugs, reducing them, especially in the 
case of caffeine, even to milligrammes. 
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In conclusion, I shall briefly touch on the question of 
the application of our laboratory results to the neuropatho- 
logical and psychiatric clinics. As for the first, there is no 
doubt that our human neuroses can be explained quite sat- 
isfactorily in the light of the laboratory analysis. But it 
seems to me that in psychiatry, too, certain things have 
been clarified by our laboratory research. 

At present —F am writing a series of booklets entitled 
Latest Papers on the Physiology and Pathology of the High- 
er Nervous Activity. Two brief articles published in the 
last issue have been translated into foreign languages. One 
of them has already been published in French, the other has 
been sent to an English psychiatric journal, and it goes 
without saying that I eagerly await the reaction of our own 
and foreign experts. 

Now you are aware that in the laboratory we are able 
to make pathological, and besides, in a functional way, an 
isolated point of the cerebral cortex, leaving all other 
points absolutely intact. I wish to make use of this phenom- 
enon of isolated disorders for interpreting a very inter- 
esting and very enigmatic psychiatric form, namely para- 
noia. As is known, paranoia is characterised by the fact 
that a mentally normal person, who, like all healthy peo- 
ple, reckons with logic and reality, and sometimes may 
even be gifted, as soon as it comes to one definite subject, 
distinctly turns into a lunatic, acknowledging neither logic, 
nor reality. It seems to me that this form can be under- 
stood on the basis of our laboratory findings relating 
to isolated disorders of separate points in the cerebral 
cortex. 

One can hardly dispute that the stereotypies of skeletal 
movement can and should be understood as the expres- 
sion of the pathological inertness of the excitatory process 
in the cortical cells which are connected with movement, 
and that perseverations should be similarly looked upon 
only in the cells of speech movement. But at first sight it is 
more difficult to explain obsessive ideas and paranoia in 
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the same way. However, it seems to me that the under- 
standing of isolated pathological points of the cerebral 
cortex not only in a purely crude anatomical sense, but 
also in a structurally-dynamic one (as mentioned above) has 
eliminated this difficulty to a sufficient degree. 

Here is another case of a neurosis which is very close 
to a psychosis. 

In persecution mania the patient sometimes firmly re- 
gards as reality that which he fears and wants to avoid. 
For example, he wants to have a secret and it seems to him 
that all his secrets are constantly being disclosed in some 
way. He wants to be alone, and although he is alone in 
his room and everything lies open before his eyes, he still 
imagines that somebody else is with him. He wants to be 
respected, and it seems to him that at every moment he is 
being insulted in some way or other by signs, words, or 
facial expressions. Pierre Janet has described this as feel- 
ings of possession, as if somebody is taking hold of the 
patient. 

In my view, this case is based physiologically on the 
ultraparadoxical phase, which I have already mentioned 
and which, as you know, consists of the following, 

Suppose we have two metronomes of different frequency 
which act as conditioned stimuli, one of them with 200 
beats per minute being the positive stimulus and the other 
with 50 beats—the negative one. Now, if the nerve cell 
becomes pathological or simply falls into a hypnotic state, 
the effect is reverse: the positive stimulus turns into an 
inhibitory one, and the inhibitory becomes positive. This 
is an absolutely exact and constantly recurring laboratory 
phenomenon. Therefore, I interpret the state of the above 
patient in the following way: when he wanted to be re- 
spected or to remain alone, this was a strong positive stim- 
ulus, which evoked in him an opposite idea involuntarily 
and irresistibly in accordance with the rule of ultrapara- 
doxicality. 
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Thus you see that in the field of pathology our method 
of work, the method of an objective attitude towards the 
higher phenomena of the nervous activity, is fully justi- 
fiable for animals, and the more we apply it the more it is 
justified. At present we are making, as it seems to me, 
warrantable attempts to apply the same method to 
human higher nervous activity which is usually called 
psychical activity. 

That is all I wanted to tell you. 


THE CONDITIONED REFLEX? 


When the developing animal world reached the stage 
of man, an extremely important addition was made to the 
mechanisms of the nervous activity. In the animal, reality 
is signalised almost exclusively by stimulations and by 
the traces they leave in the cerebral hemispheres, which 
come directly to the special cells of the visual, auditory 
or other receptors of the organism. This is what we, too, 
possess as impressions, sensations and notions of the world 
around us, both the natural and the social—with the ex- 
ception of the words heard or seen. This is the first system 
of signals of reality common to man and animals. But 
speech constitutes a second signalling system of reality 
which is peculiarly ours, being the signal of the first sig- 
nals, On the one hand, numerous speech stimulations have 
removed us from reality, and we must always remember 
this in order not to distort our attitude to reality. On the 
other hand, it is precisely speech which has made us 
human, a subject on which I need not dwell in detail here. 
However, it cannot be doubted that the fundamental laws 
governing the activity of the first signalling system must 
also govern that of the second, because it, too, is activity 
of the same nervous tissue. 

The most convincing proof that the study of the condi- 
tioned reflexes has brought the investigation of the higher 
part of the brain on to the right trail and that the func- 
tions of this part of the brain and the phenomena of our 
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subjective world have finally become united and identical, 
is provided by the further experiments with conditioned 
reflexes on animals reproducing pathological states of the 
human nervous system—neuroses and certain psychotic 
symptoms; in many cases it is also possible to attain a ra- 
tional deliberate return to the normal—recovery—ie., a 
truly scientific mastery of the subject. Normal nervous ac- 
tivity is a balance of all the above-described processes par- 
ticipating in this activity. Derangement of the balance is a 
pathological state, a disease; and often there is a certain 
disequilibrium even in the so-called normal, or to be more 
precise, in the relative normal. Hence the probability of 
nervous illness is manifestly connected with the type of 
nervous system, Under the influence of difficult experi- 
mental conditions those of our dogs are quickly and easily 
susceptible to nervous disorders which belong to the ex- 
treme—excitable and weak—types. Of course, even in the 
strong equilibrated types the equilibrium can be deranged 
by applying very strong, extraordinary measures. The 
difficult conditions, which chronically violate the nervous 
equilibrium, include: overstrain of the excitatory process, 
overstrain of the inhibitory process and a direct collision 
of both opposite processes, in other words, overstrain of 
the mobility of these processes. We have a dog with a 
system of conditioned reflexes to stimuli of different physi- 
cal intensity, positive and negative reflexes which are 
called forth stereotypically in one and the same order and 
at the same intervals. We sometimes apply exceptionally 
strong conditioned stimuli, sometimes we greatly prolong 
the duration of the inhibitory stimuli; we now elaborate a 
very delicate differentiation, now increase the quantity of 
inhibitory stimuli in the system of reflexes; finally, we 
either make the opposing processes follow each other im- 
mediately, or even simultaneously apply opposite condi- 
tioned stimuli, or at once change the dynamic stereotype, 
ie, convert the established system of conditioned stimuli 
into an opposite series of stimuli. And we see that in all 
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these cases the above-mentioned extreme types fall with 
particular ease into chronic pathological states differently 
manifesting themselves in these types. In the excitable type 
the neurosis is expressed in the following way. The inhib- 
itory process, which even in a normal state constantly 
lags behind the excitatory process in relation to strength, 
now becomes very weak, almost disappearing: the elabo- 
rated, although not absolute, differentiations become fully 
disinhibited; the extinction assumes an extremely protract- 
ed character, the delayed reflex is converted into a short- 
delayed one, etc. In general, the animal becomes highly un- 
restrained and nervous during the experiments in the stand: 
it either behaves violently, or—which is much less frequent 
—falls into a state of sleep; this had not been observed 
before. In the weak type the neurosis is almost exclusive- 
ly of a depressive character. The conditioned reflex ac- 
tivity becomes highly confused, and more often complete- 
ly vanishes; in the course of the experiment the animal 
is in an almost continuous hypnotic state, manifesting its 
various phases (there are no conditioned reflexes at all, 
the animal even refuses food). 

Experimental neuroses in most cases assume a lingering 
character lasting for months and even years. Some ther- 
apeutic remedies have been successfully tested in protract- 
ed neuroses. Already long ago bromide was applied in the 
study of the conditioned reflexes when certain experimen- 
tal animals could not cope with the tasks of inhibition. 
And it was of essential help to these animals. A prolonged 
and diverse series of experiments with conditioned reflexes 
on animals proved beyond all doubt that bromide bears no 
special relation to the excitatory process and does not de- 
crease the latter, as was generally believed, but influences 
the inhibitory process, intensifying and tonifying it. It is 
a powerful remedy, regulating and rehabilitating the dis- 
turbed nervous activity, on the indispensable and essential 
condition, however, that it is exactly dosed according to 
the types and states of the nervous system. In the case 
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of a strong type and when the state of the dog’s nervous 
system is still strong enough, large doses of bromide are 
to be administered—-from two to five grammes a day; for 
the weak type the dose must be reduced to centigrammes 
and milligrammes. Such bromisation for a period of one 
or two weeks sometimes proves sufficient to cure a chron- 
ic experimental neurosis. Recent experiments have shown 
even a greater therapeutic effect, especially in very se- 
vere cases, of a combination of bromide and caffeine, but 
again subject to very precise dosage of both substances. 
Sometimes recovery was also attained in animals, though 
not so quickly and fully, exclusively by means of a regu- 
lar prolonged or short rest from laboratory work in gener- 
al, or by the abolition of the difficult tasks in the system 
of conditioned reflexes. 

The described neuroses in animals can best be compared 
with neurasthenia in human beings, especially since some 
neuropathologists insist on two forms of neurasthenia— 
excitatory and depressive. Besides, certain traumatic neu- 
roses may correspond to them, as well as other reactive 
pathological states. It may be assumed that recognition of 
two signalling systems of reality in man will lead specially 
to an understanding of the mechanisms of two human neu- 
roses—hysteria and psychasthenia. If, on the basis of the 
predominance of one system over the other, people can be 
divided into a predominantly thinking type and a predom- 
inantly artistic type, then it is clear that in pathological 
cases of a general disequilibrium of the nervous system, 
the former will become psychasthenics and the latter hys- 
teriacs. 

Along with elucidation of the mechanisms of neuroses, 
.the physiological study of the higher nervous activity pro- 
vides a clue to an understanding of certain aspects and 
phenomena in the pictures of psychoses. We shall dwell 
first of all on some forms of delusion, namely, on the var- 
iation of the persecution delusion, on what Pierre Janet 
calls “senses of possession”, as well as on Kretschmer’s 
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inversion”, The patient is persecuted precisely by that 
which he particularly wants to avoid; he desires to have 
his own secret thoughts, but he is certain that they are 
constantly being disclosed and made known by others; 
he wishes to be alone, but he is tormented by the persist- 
ent sensation that someone else is in the room, although 
there is nobody there except himself, etc.; according to 
Janet, these are senses of possession. Kretschmer refers to 
two girls who, having entered the period of puberty, ‘and 
being sexually attracted by certain males, for some rea- 
son suppressed this attraction. As a result, they were first 
seized with an obsessive idea; to their great grief, it seemed 
to them that their countenance betrayed their sexual 
excitation and that everybody noticed this; at the same 
time they greatly valued their chastity, their virginity. Af- 
terwards one of the girls suddenly began to imagine and 
even to sense that the sexual tempter—the serpent which 
had seduced Eve in the Garden of Eden—was inside her 
and was even reaching towards her mouth. The other girl 
imagined that she was pregnant. It is this latter phenome- 
non that Kretschmer terms inversion. In respect of its 
mechanism it is obviously identical with the sense of pos- 
session. This pathological subjective experience can, with- 
out undue strain, be interpreted as a physiological phe- 
nomenon of the ultraparadoxical phase. The idea of sex- 
ual inviolability, being a very strong positive stimulus, 
on the background of the state of inhibition or depression 
in which both girls found themselves, turned into an equal- 
ly strong opposite negative idea, reaching the level of sen- 
sation; in one girl it was the idea of a sexual tempter exist- 
ing inside her body, in the other—the idea of pregnancy 
as a result of sexual intercourse, Exactly the same thing 
is experienced by the patient with the sense of possession, 
The strong positive idea “I am alone” turned, under the 
same conditions, into a similar negative idea—‘there is 
always someone near me”! 

In the course of experiments with conditioned reflexes 
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in various difficult and pathological states of the nervous 
system it is often observed that temporary inhibition leads 
to a temporary improvement in these states; in one dog 
there was twice observed a patent catatonic state, which 
resulted in a marked decline of a chronic and persistent 
nervous disorder, almost in a return to the normal for sev- 
eral days in succession. In general, it should be pointed 
out that in experimental disorders of the nervous system 
almost always separate phenomena of hypnosis are ob- 
served, which givesthe right to assume that this is a normal 
physiological remedy against morbific agents. Hence, the 
catatonic form or phase of schizophrenia entirely consist- 
ing of hypnotic symptoms, can be regarded as physiologi- 
cal protective inhibition, limiting or fully excluding the 
work of the disordered brain which, owing to the action 
of a certain, still unknown, noxious agent, has been threat~ 
ened by serious disturbances or complete destruction. Med- 
icine knows very well that the first therapeutic measure, 
which must be applied in the treatment of almost every ill- 
ness, is to ensure a state of rest for the diseased organ. 
That such a concept of the mechanism of catatonia in 
schizophrenia conforms to reality, is convincingly proved 
by the fact that only this form of schizophrenia shows a 
considerable rate of recovery, despite the protracted char- 
acter of the catatonic state, which sometimes persists for 
years (twenty years). From this point of view any attempt 
to act on catatonics by means of stimulating methods and 
remedies is definitely injurious. On the contrary, a very 
considerable increase in the rate of recovery can be ex- 
pected when physiological rest (inhibition) is supplemented 
with deliberate external rest for such patients, when they 
are kept away from the action of constant and strong stim- 
uli emanating from the surroundings, kept away from 
other, restless patients. 

In the course of the study of conditioned reflexes, along 
with general disorders of the cortex, there were frequently 
observed extremely interesting cases of disorders experi- 
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mentally and functionally produced in very small points of 
the cortex. Let us take a dog with a system of various re- 
flexes and among them conditioned reflexes to different 
sounds—a tone, a noise, the beat of a metronome, the sound 
of a bell, etc.; it is possible to induce a disorder only at one 
of the points of application of these cenditioned stimuli, 
while all other points remain normal. The pathological 
state of an isolated cortical point is produced by the methods 
described above as morbific. The disorder manifests itself 
in different forms and degrees. The mildest change effected 
at this point is expressed in its chronic hypnotic state: in- 
stead of the normal relation between the strength of the 
effect induced by the stimulation and the physical in- 
tensity of the stimulus, the equalisation and paradoxical 
phases develop at this point. Proceeding from the above, 
this, too, can be interpreted as a physiological preventive 
measure under a difficult state of a cortical point. When 
the pathological state develops further, the stimulus in 
some cases has no positive effect at all, provoking only 
inhibition. In other cases the opposite occurs. The positive 
reflex becomes unusually stable: its extinction proceeds 
more slowly than that of the normal reflexes; it is less sus- 
ceptible to successive inhibition by other, inhibitory condi- 
tioned stimuli; it often stands out in bold relief for its 
strength among all other conditioned reflexes, which was 
not observed prior to the disorder. This signifies that the 
excitatory process at the given point has become chron- 
ically and pathologically inert. The stimulation of the 
pathological point sometimes remains indifferent to the 
points of other stimuli, and sometimes it is impossible to 
touch this point with its stimulus without deranging in one 
way or another the entire system of reflexes. There are 
grounds for assuming that in the case of disorder of iso- 
lated points, when now the inhibitory, now the excitatory 
processes predominate at the diseased point, the mecha- 
nism of the pathological state consists precisely in the de- 
rangement of equilibrium between the opposed processes: 
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there takes place a considerable and predominant decrease 
now of one process, now of the other. In the case or path- 
ological inertness of the excitatory process bromide 
(which reinforces the inhibitory process) often fully elmi- 
nates the inertness. 

The following conclusion can hardly be considered fan- 
tastic. If stereotypy, iteration and perseveration, as is per- 
fectly obvious, have their natural origin in the pathological 
inertness of the excitatory process of the ditterent mo- 
tor cells, then obsessional neurosis and paranoia must 
also have the same mechanism. This is simply a matter of 
other cells or of groups of cells connected with our sen- 
sations and notions. Thus, only one series of sensations 
and notions connected with the diseased cells becomes ab- 
normally stable and resistant to the inhibitory influence 
of other numerous sensations and notions, which to a great- 
er degree conform with reality because of the normal state 
of their cells. Another phenomenon, frequently observed 
in the study of pathological conditioned reflexes and hav- 
ing a direct bearing on human neuroses and psychoses, is 
circularity in the nervous activity. The disturbed nervous 
activity manifested more or less regular fluctuations. There 
was observed at first a period of extremely weakened activ- 
ity (the conditioned reflexes were of a chaotic character, 
often fully disappeared or declined to the minimum); then, 
after several weeks or months, as if spontaneously, with- 
out any visible reason, there took place a greater or 
lesser, and even complete, return to the normal, which was 
again superseded by a period of pathological activity. 
Sometimes periods of weakened activity and abnormally 
increased activity alternated in this circularity. Itis impos- 
sible not to see in these fluctuations an analogy with cy- 
clothymia and the manic-depressive psychosis. The sim- 
plest way would be to ascribe this pathological periodicity 
to the derangement of normal relations between the excita- 
tory and inhibitory processes, as far as their interaction is 
concerned. Since the opposite processes did not limit each 
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other in due time and in the proper measure, but acted in. 
dependently of each other and excessively, the result of 
their activity reached its maximum—and only then was 
one process superseded by the other. Thus, there devel. 
oped a different, namely, exaggerated, periodicity, lasting a 
week or a month, instead of the short and very easy perio- 
dicity of one day. Finally, it is impossible not to mention 
a phenomenon which so far has manifested itself with ex- 
ceptional force only in one dog. This is the extreme ex- 
plosiveness of the excitatory process. Certain individual 
stimuli or all the conditioned stimuli produced an extremely 
violent and excessive effect (both motor and secretory), 
which, however, abruptly disappeared already during the 
action of the stimulus—when the food reflex was rein- 
forced, the dog did not take the food. Obviously, this was 
because of the high pathological lability of the excitatory 
process, which corresponds to the excitatory weakness of 
the human clinic. In certain conditions a weak form of this 
phenomenon is often observed in dogs. 

All the pathological nervous symptoms described above 
are manifested in corresponding conditions both in normal 
dogs, i.e., not subjected to surgical operation, and (espe- 
cially some of these symptoms, for example, circularity) 
in castrated animals, being, consequently, of an organic 
pathological nature. Numerous experiments have shown 
that the most fundamental property of the nervous activ- 
ity in castrated animals is a considerable and predomi- 
nant decline of the inhibitory process, which in the strong 
type, however, is greatly levelled out with the passage of 
time. 

To sum up, we must emphasise once more that when we 
compare the ultraparadoxical phase with the sense of pos- 
session and with inversion, and the pathological inertness 
of the excitatory process with obsessional neurosis and 
paranoia, we see how closely the physiological phenome- 
na and the experiences of the subjective world are inter- 
connected and how they merge. 


TYPES OF HIGHER NERVOUS ACTIVITY, 
THEIR RELATIONSHIP TO NEUROSES 
AND PSYCHOSES AND THE PHYSIOLOGICAL 
MECHANISM OF NEUROTIC AND PSYCHOTIC 
SYMPTOMS? 


Of the vast material relating to the study of the higher 
nervous activity in dogs by the method of conditioned 
reflexes I shall now dwell only upon three points because 
of their particularly close connection with morbid disturb- 
ances of this activity. They are: the strength of the two 
basic nervous processes—excitation and inhibition—then 
the correlation of their intensities, or their equilibrium, 
and finally their mobility. These properties constitute, on 
the one hand, the basis of the types of higher nervous 
activity, types which play an important part in the genesis 
of nervous and so-called mental diseases, and on the other 
hand, typical changes taking place under pathological 
states of this activity. 

Two thousand years ago the great genius of ancient 
Greece—the artistic genius, of course, not scientific—was 
able to discern in the immense diversity of variations of 
human behaviour its fundamental features in the form of 
four temperaments. And only now is the study of the 
higher nervous activity by the method of conditioned 
reflexes in a position to base this systematisation on a 
physiological foundation. 

According to the strength of the excitatory process 
(i.e., according to the working capacity of the cerebral 
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cells) our dogs were divided into two groups—strong and 
weak. The strong group, in its turn, was divided into equi- 
librated and unequilibrated, depending on the correlations 
between the intensities of the excitatory and inhibitory 
processes. And finally the strong and equilibrated dogs 
were divided, according to the mobility of the processes, 
into quiet and lively ones. Thus, there are four basic types: 
the strong and impetuous type, the strong, equilibrated 
and quiet type, the strong, equilibrated and lively type, and 
the weak type. And they correspond to the four Greek 
temperaments—choleric, phlegmatic, sanguine and melan- 
cholic. Although there are different gradations of these 
types, life clearly shows that it is yust these combinations 
that are more frequently met with and bear a more pro- 
nounced character. It seems to me that this coincidence 
of types in animals and human beings is convincing proof 
that such a systematisation conforms to reality. 

However, to obtain a full and clear idea of the varia- 
tions of human behaviour, normal and pathological, it is 
necessary to add to these types, which are common 
in man and animals, certain particular, purély human 
types. 

Before the appearance of the family of homo sapiens 
the contact of the animals with the surrounding world was 
effected solely by means of direct impressions produced 
by its various agents which acted on the different receptor 
mechanisms of the animals and were conducted to the cor- 
responding cells of the central nervous system. They were 
the sole signals of external objects. In the future human 
beings there emerged, developed and perfected, signals of 
the second order, signals of these initial signals, in the 
shape of speech—spoken, auditory and visible. Ultimately 
these new signals began to denote everything taken in by 
human beings directly from the outer, as well as from 
the inner world; they were used not only in mutual inter- 
course, but also in self-communion. This predominance of 
the new signals was conditioned, of course, by the tre- 
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mendous Significance of speech, although words were and 
remain but second signals of reality. We know, however, 
that there are large numbers of people who, operating 
exclusively with words and failing to base themselves on 
reality, are ready to draw from these words every possible 
conclusion and all knowledge, and on this basis to direct 
their own life as well as the life of others. However, 
without entering deeper into this important and very broad 
subject, it is necessary to state that thanks to the two 
signalling systems, and by virtue of the long-established 
different modes of life, human beings in the mass have 
been divided into artistic, thinking and intermediate types. 
The last-named combines the work of both systems in the 
requisite degree. This division makes itself felt both in 
individual human beings and in nations. 

Let us pass now to pathology. 

In our experiments on animals we constantly obtained 
convincing proof that chronic pathological derangement 
of the higher nervous activity under the influence of mor- 
bific agents arises with particular ease in the impetuous 
and the weak types, where it assumes the form of neurosis. 
Impetuous dogs become almost completely deprived of 
inhibition; in weak dogs the conditioned reflex activity 
either fully disappears, or is of a highly chaotic character. 
Kretschmer, who recognises only two general types cor- 
responding to our impetuous and weak types, correctly, as 
far as I can judge, associates the first with the manic- 
depressive psychosis, and the second with schizophrenia. 

Having some very limited clinical experience (during 
the last three or four years I have regularly visited the 
nervous and psychiatric clinics) I take the liberty of 
advancing the following supposition concerning human 
neuroses, Neurasthenia is a pathological form inherent in 
the feeble-general and intermediate human types. A hys- 
terical person is the product of the feeble-general type 
combined with the artistic type, and the psychasthenic (to 
use the terminology of Pierre Janet) is the product of the 
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feeble-general type combined with the thinking type. In 
hysterical persons, general weakness, naturally, has a 
special effect on the second signalling system, which in 
the artistic type in any case yields pride of place to the 
first system, while in normally developed persons the 
second signalling system is the highest regulator of human 
behaviour. Hence the chaotic character of the activity of 
the first signalling system and of the emotional fund in 
the form of pathological fantasies and unrestrained emo- 
tivity with profound destruction of the general nervous 
equilibrium (sometimes paralyses, or contractures, or con- 
vulsive fits or lethargy) and in particular, synthesis of 
personality. In psychasthenics the general weakness, nat- 
urally, again affects the basic foundation of the corre- 
lations between the organism and environment, namely, 
the first signalling system and the emotional fund. Hence 
the absence of a sense of reality, continual feeling of in- 
feriority of life, complete inadequacy in life together with 
constant fruitless and perverted cogitation in the form of 
obsessions and phobias. This, in general outline, is how I 
conceive the genesis of neuroses and psychoses in connec- 
tion with the general and particular types of human higher 
nervous activity. 

Experimental study of pathological changes in the basic 
processes of the nervous activity of animals makes pos- 
sible a physiological understanding of the mechanism of 
the mass of neurotic and psychotic symptoms, both taken 
separately or as components of certain pathological forms. 

Weakening of the excitatory process leads to the pre- 
dominance of inhibition, both general and diversely partial, 
in the form of sleep or of a hypnotic state with its numer- 
ous phases, of which most characteristic are the paradox~- 
ical and ultraparadoxical phases. This mechanism, I 
believe, is responsible for a particularly large number of 
pathological phenomena, such as narcolepsy, cataplexy, 
catalepsy, feelings of possession—les sentiments d’emprise 
(according to Pierre Janet), or inversion (according to 
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Kretschmer), catatonia, etc. The weakening of the excit- 
atory process is caused either by its overstrain, or by its 
collision with the process of inhibition. 

Under’ certain laboratory conditions which are not yet 
quite clear there takes place a change in the mobility of 
the excitatory process in the form of pathological lability. 
This phenomenon, long known in the clinic under the name 
of excitatory weakness, consists in an extremely high re- 
activity or sensitivity of the process followed by its rapid 
consecutive exhaustion. Our conditioned positive stimulus 
produces an instantaneous and extraordinary effect, which, 
however, falls to zero and becomes inhibited already during 
the normal period of stimulation. We sometimes call this 
phenomenon explosiveness. 

But in our experimental practice we also meet with 
quite the opposite pathological change in the mobility of 
the excitatory process—with pathological inertness. The 
excitatory process persists despite a prolonged applicition 
of conditions, under which normally the excitatory proc- 
ess is superseded by inhibition. The positive stimulus is 
not susceptible or slightly susceptible to successive in- 
hibition evoked by preceding inhibitory stimuli. This patho- 
logical state is in some cases caused by a moderate, but 
continuously growing intensity of the excitatory process, 
and in other cases by collisions with the inhibitory process. 
It is quite natural to attribute the phenomena of stereotypy, 
obsessive ideas, paranoia, etc., to this pathological in- 
ertness of the excitatory process. 

The inhibitory process can also be weakened either by 
its overstrain, or by collisions with the excitatory proc- 
ess. This weakening leads to an abnormal predominance 
of the excitatory process in the form of a derangement 
of differentiations, retardation and other normal phenom- 
ena in which inhibition intervenes; it also manifests itself 
in the animal’s general behaviour in the form of fussiness, 
impatience and violence, and finally in the form of patho- 
logical phenomena, for example, neurasthenic irritability. 
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In man it takes the form of submanic and manic states, 
etc. 

This year phenomena of pathological lability of the 
inhibitory process have been observed in our animals by 
my old colleague, Prof. Petrova, who has enriched ex- 
perimental pathology and therapy of the higher nervous 
activity with quite a considerable number of important 
facts. A dog which previously took its food, placed at the 
edge of a staircase, with ease, without any hesitation, 
ceases to do so, hurriedly avoids the food and moves away 
from the edge. The matter is quite clear. When a normal 
animal, approaching the edge of a staircase, stops and does 
not move farther, this means that it is able confidently to 
hold itself back, as much as is necessary to prevent it from 
falling down. In our case this retention is exaggerated; 
the reaction to depth is excessive and keeps the dog, to 
the detriment of its interests, much farther from the edge 
of the staircase than is actually necessary. Subjectively 
this is an obvious state of dread or fear, a phobia of depth. 
The phobia could be induced, and could be eliminated, i.e., 
it was under the experimenter’s control. The condition 
responsible for its emergence is what we may call the 
torture of the inhibitory process, I will demonstrate this 
fact in a few days’ time at the international physiological 
congress in Leningrad. I think that in many cases perse- 
cution mania can also be accounted for by the pathological 
lability of inhibition. 

We have already examined the pathological inertness of 
the inhibitory process. 

A difficult task still remains to be accomplished—it is 
necessary to determine with precision and in all cases 
when and in what particular conditions one or another 
pathological change arises in the basic nervous processes. 


THE PROBLEM OF SLEEP“ 


Dear Comrades, 

Although something extraordinary, one might say, even 
distressing, befell me yesterday, with the result that I am 
now, so to speak, not quite myself, I thought it necessary, 
nevertheless, to be present at the conference. Why? Be- 
cause I believe that in a discussion of a scientific matter 
such as sleep, which is essential both from the practical 
and clinical points of view, my judgement will be not 
without interest, especially since I, jointly with my col- 
leagues, have been studying the phenomena of sleep for 
thirty-five years in the course of our research into the 
higher nervous activity of dogs. 

We came up against the phenomena of sleep at an early 
stage in our research; we were obliged to consider it, to 
subject it to special investigation, which now gives me 
the right to speak on this subject. That is why, despite my 
somewhat disturbed state, I decided to come here and to 
say a few words. 


I 


I should like first of all to make a general remark. The 
more perfect the nervous system of the animal organism, 
the more centralised it is, the more its higfer part con- 
trols and regulates the entire activity of the organism, 
even though this is not clearly manifest. It might seem 
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to us that in higher animals many functions are effected 
independently of the influence of the cerebral hemispheres, 
but this is not so in reality. The higher part controls all 
the phenomena which develop in the organism. This was 
established long ago in the phenomena of hypnotic sug- 
gestion and auto-suggestion. It is well known that during 
hypnotic sleep it is possible to influence many vegetative 
processes by means of suggestion. On the other hand, we 
know of cases of auto-suggestion, such as symptoms of 
phantom pregnancy, accompanied by an active state of 
the lacteal glands and the accumulation of fat in the abdom- 
inal walls, simulating pregnancy. All this originates from 
the head, from thoughts and words, from the cerebral 
hemispheres in order to influence such a peaceful and 
genuinely vegetative process as the growth of the adipose 
tissue. 

If the cerebral hemispheres, as everybody knows, are 
concerned with the slightest details of our movements, 
bringing some into action and suppressing others, just as 
it takes place, for example, when one plays the piano, one 
can easily imagine the minuteness of the degree of inhibi- 
tion: one movement of a certain intensity is effected, while 
another, neighbouring movement, even the smallest one, 
is suppressed and retained. Or take, for example, our 
speech movements. What a multitude of words we have 
for expressing our thoughts! Nevertheless, we are precise 
in conveying the sense; we never use unnecessary words, 
employing only those which are most suitable in the given 
case, etc. Consequently, if the cerebral hemispheres con- 
stantly interfere even with these minute everyday activities 
and regulate them, it would be strange to suppose that the 
division of our activity into wakeful and sleeping states 
does not depend on the cerebral hemispheres. It is clear 
that here, too, supreme power belongs to the cerebral 
hemispheres and all of us are well aware of this. 

Now, at a certain time of the day we become drowsy, 
and, since we are tired, sleep sets in. But we can do with- 
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out sleep a whole night, and even for two or three nights 
in succession. And it is our head, our cerebral hemispheres 
which, of course, control this phenomenon. 

I shall now turn to the details. 

It is clear, and everybody is aware of this now, since 
it has become a widespread and established physiological 
truth—that our entire nervous activity consists of two 
processes—excitatory and inhibitory—and that our whole 
life is a continuous interaction of these two processes. 

When we began our objective study of the higher 
nervous activity by the method of conditioned reflexes, 
and began to elucidate the laws of the particular functions 
and tasks accomplished by the cerebral hemispheres, we, 
of course, immediately encountered the two processes, 
Every physiologist knows that these processes are insep- 
arable, that they are always present not only in the nerve 
cell, but in each nerve fibre. 

I must make a certain reservation. If I begin to speak 
about conditioned reflexes this would take a lot of time, 
and I do not know when I would end. Since we have been 
working on conditioned reflexes for thirty-five years and 
have published the results of our work in special papers 
and books, allow me to assume that knowledge of condi- 
tioned reflexes is widespread and consequently, there is 
no need to treat this subject in an elementary way, ie., to 
begin all over again. 

When we applied our conditioned stimuli and then car- 
ried out a detailed investigation of the activity evoked by 
them at every given moment, we constantly observed a 
spontaneous development of inhibition side by side with 
excitation. In other cases we produced the inhibition our- 
selves when we wanted to separate different phenomena. 

Since you are acquainted to a degree with the condi- 
tioned reflexes, you undoubtedly know that we have, on 
the one hand, external stimuli which produce an excitatory 
process in the central nervous system, and, on the other 
hand, stimuli which produce an inhibitory process in the 
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cerebral hemispheres. Right at the beginning of our re. 
search we observed that as soon as we applied the in- 
hibitory stimulus, a somnolent state of the animal, in the 
form of drowsiness or sleep, immediately intervened, This 
was of a constant character. We had to conclude, there- 
fore, that these phenomena are closely interconnected and 
that certain efforts and resources are necessary to get rid 
of this drowsiness or sleep in the course of experimenta- 
tion. Thus, when an inhibitory process arises in the cerebral 
hemispheres, establishing in them a certain differentiation 
either between the stimuli or between different moments 
of stimulation, etc., a state of drowsiness inevitably de- 
velops. 

You can see, as we have seen during the past thirty-five 
years, that every time a cortical inhibition sets in which 
analytically assigns its proper place to everything, giving 
free rein to one process and suppressing the other, a state 
of drowsiness or in its ultimate stage of development—a 
state of sleep—simultaneously and invariably appears. 
The view that drowsiness and sleep are phenomena related 
to the cerebral hemispheres and that they are the result 
of the action of definite stimuli, is strictly obligatory 
for us. Surely a phenomenon observed every day is beyond 
any doubt. 

That, of course, leads ta the next question. How does 
this come about? What has this to do with sleep when 
it is simply a matter of differentiation between stimuli? 
They appear to be different things having nothing in 
common. 

But the matter is quite simple. If we admit that every- 
thing can be explained by a constant interaction between 
the excitatory and inhibitory processes, then we shall have 
no difficully in understanding the phenomena. Every time 
you produce an inhibition, a physiological inhibition, Le., 
when you want to separate the active state from the 
inactive, drowsiness, as I have already said, immediately 
begins to manifest itself. But you can always eliminate 
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this drowsiness, suppress it, and, on the contrary, ensure 
the predominance of the excitatory process. This is within 
your power, within your experimental possibilities, and it 
is what we do, The moment a state of drowsiness develops 
in the dog during an experiment, i.e., the moment inhibi- 
tion takes the upper hand, we apply a stimulation, thereby 
eliminating the drowsiness, limiting the inhibition and 
confining it within definite bounds. 

How, then, is this matter to be further interpreted? It 
must be admitted that both excitation and inhibition are 
dynamic processes, which, on the one hand, may irradiate 
and spread, and, on the other, may be driven into definite 
narrow confines and concentrated there. This is the main 
point, the whole secret, and it is this that we use in all 
our physiological activity. 

The basic property of both processes consists in the fact 
that on the one hand, when they arise, they tend to spread, 
to occupy an undue area; on the other hand, they can, 
given the corresponding conditions, concentrate in defi- 
nite regions and remain there. When the inhibition is 
irradiated, diffused, you have the phenomenon of drowsi- 
ness or sleep. 

Everybody knows, of course, that sleep does not set in 
instantaneously, that it is a gradual process. Similarly 
one does not awake all of a sudden; certain time is re- 
quired before one gradually becomes active and, so to 
speak, completely throws off the fetters of sleep. 

I advise everybody who values scientific truth, who 
does not want to reconcile himself to superficial knowl- 
edge, who is tormented by the thought “is this right or 

“not?”’, to make a thorough study of two articles in my 
book Twenty Years of Objective Study of the Higher 
Nervous Activity (Behaviour) of Animals which is the 
result of thirty-five yeafs of intense reflections. One' of the 
articles is entitled “On Inhibition and Sleep” and the 
other, written jointly with M. K. Petrova,—‘“Physiology of 
the Hypnotic State of the Dog’. 
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In any case, in order to give you a more or less clear 
illustration of this phenomenon, I shall cite one of our 
experiments. 

I must tell you that when you observe the genesis of 
drowsiness and its first manifestations, you become con- 
vinced, and unshakably so, that hypnosis and sleep are, 
of course, one and the same process. In essence, hypnosis 
does not differ from sleep; it differs only in certain pecu- 
liarities. Hypnosis, for example, is sleep which develops 
very slowly, i.e., it is at first confined to a very small and 
restricted area and then begins to spread farther and 
farther until it finally descends from the cerebral hemi- 
spheres to the subcortex, leaving untouched only the 
centres of respiration, of the heart-beat, etc., though some- 
what weakening these too. 

I shall now submit to you one of the numerous cases 
investigated by us in the course of thirty-five years. Let 
us take a dog which is falling into a state of drowsiness, 
sleep or hypnosis. What do we observe in this animal? 
Our experiments with conditioned food reflexes show the 
following: at first the dog works and eats quite normally; 
then its tongue comes out of the mouth in a strange 
manner, and gradually begins to fall down. This is the first 
manifestation of a certain functional paralysis, of a dimi- 
nution of activity, of inhibition of the minute centre in 
the motor region of the cortex which controls the move- 
ment of the tongue. This centre becomes inactive, as a 
result of which the tongue is paralysed and falls out of 
the mouth. 

A certain period of time passes, and you give the dog 
food. You see that its tongue functions very slowly and 
awkwardly; later, you also observe—not at once, but per- 
haps after the second or third offering of food—that the 
dog uses its jaws with difficulty, that its mastication is 
utterly impeded, since the mouth opens and closes very 
slowly. Thus you witness a weakening of the activity of 
the masticating musculature, its inhibition or sleep. 
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At the same time, however, you notice that when tood 
is offered to the dog, which until then was standing with 
its head turned away or with its eyes fixed on the ceiling, 
it easily and quickly turns its head towards you and falls 
upon the food. 

But as time goes on, you observe in the course of the 
experiment that although the dog turns towards you, it 
brings its head to the food with great difficulty. Conse- 
quently, the inhibition or sleep has already seized other 
points of the skeletal movement, namely, those which 
contro] the movement of the neck. 

You then see that the dog is unable even to turn to- 
wards the food, that it does not move the neck and does 
not take the food. And finally, you observe the onset of a 
general passivity of the skeletal musculature: the dog 
hangs limply in the straps, it is in a state of sleep, Thus, 
inhibition gradually develops before your eyes in a very 
obvious and concrete manner; at first it affects the tongue, 
then it spreads to the cervical muscles, from there 
to the general skeletal musculature until, finally, sleep 
sets in. 

When you observe this development you can hardly 
doubt that inhibition and sleep are one and the same 
process. 

The articles to which I have just referred contain nu- 
merous similar facts. And anyone who makes a thorough 
study of them will be convinced that inhibition and sleep 
are one and the same phenomenon. The only difference is 
that when the most minute points of the cerebral hemi- 
spheres are inactive, it is inhibition and, at the same time, 
sleep of an isolated cell; but when this inhibition, duly or 
unduly, spreads under the influence of certain conditions, 
it embraces more and more new areas of cells and is mani- 
fested in a passive, inactive state of the numerous organs 
dependent on these regions. 

It is a pity that cinematography appeared too late and 
could not be utilised by us and our physiological laborato- 
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ries. Had it been as accessible then as it is now, all these 
phenomena could have been very easily comprehended. 
We could now demonstrate them to you in the space of 
fifteen minutes, and you would leave us with the deep 
conviction that inhibition and sleep are one and the same 
process. But while inhibition is a concentrated process, 
hypnosis and sleep represent an inhibition which spreads 
over more or less vast areas. 

This spread of inhibition is of great importance for the 
comprehension of numerous nervous phenomena. 

The British mind, as far as I have been able to follow 
it, has fully realised and caught up this idea. Thus, Wilson, 
one of the outstanding British neurologists, now considers 
all cases of narcolepsy and cataplexy precisely from this 
point of view. And we, who have observed all these phenom- 
ena in dogs, fully agree with him. In our opinions Wilson 
is undoubtedly on the right trail. 

Such, in general outline, of course, is our understanding 
of the phenomena relating to alternating sleep in the 
cerebral hemispheres, as well as to the sleep of the entire 
brain, following the mobile inhibition. 


I 


I shall pass now to other facts which to a certain degree 
compete with the concept just developed by* me. 

First of all I draw your attention to an extremely im- 
portant fact recently obtained in the Soviet Union by Prof. 
Galkin, in A. D. Speransky’s laboratory. It should be 
pointed out that this fact had been observed long ago in 
the clinic, but only once, Of course, much consideration 
was given to it at the time, and it was even properly 
understood by some researchers; but a single fact is not 
sufficiently convincing. This fact concerns an observation 
made long ago by Strlimpell on a patient, in whom most 
of ihe sense organs were damaged and who could com- 
municate with the external world only through two open- 
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ings which remained intact—one eye and one ear. When 
he covered these openings with his hands he inevitably felt 
asleep. 

This phenomenon is now being reproduced in the labora- 
tory, and in the following way. We destroy three distant 
receptors in the dog, namely, smell, hearing and sight; 
this means that we section the fili olfactorii, sever the 
n. optici or extirpate the eyes and damage both cochleae. 
After this operation the dog sleeps twenty-three and a half 
hours a day. It wakens only when the elementary func- 
tions of the organism begin to annoy it—the necessity to 
eat, to evacuate the urinary bladder or the bowels, etc. 
But it is extremely difficult to awake the animal in the 
middle of the day. For this purpose it is not sufficient to 
stroke the dog, it is absolutely necessary to shake it; and 
then, before your eyes, it slowly awakens, stretches itself, 
yawns, and finally stands up. Such is the fact, and it is an 
exact fact. We repeated the experiment several times and 
the result was always the same. 

The character of the operation performed on the dog 
excludes any supposition that its nervous system has been 
damaged. If the operation is done thoroughly, the dog 
comes through it more or less easily; the fact that two 
days after the operation it is able to eat shows best the 
ease With which it endures the loss of the above-mentioned 
receptors. 

However, I must direct your attention to a minor detail. 
If you destroy the receptors gradually, i.e, at first one 
of them, the second two or three months later, and in an- 
other period of three months the third, then sleep does 
not set in. The dog, of course, is not as active as the animal 
which sees and hears normally; indeed, if it has lost the 
sense of smell and is unable to see, what can make it 
move? And it is perfectly understandable that for the most 
part it lies rolled up. But the moment you touch the intact 
receptor, for example, by stroking the dog, it immediately 
rises and begins to act. 
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When, however, you deprive the cerebral hemispheres 
of a large quantity of stimulations at once, the dog falls 
into a state of deep sleep. This indubitable fact, which 
must be reckoned with, naturally gives rise to the follow- 
ing question: How is this phenomenon to be interpreted? 
And in this connection there arises the problem of two 
kinds of sleep—the passive sleep caused by the abolition 
of a large quantity of stimulations usually reaching the 
cerebral hemispheres, and the active sleep which, in my 
understanding, is an inhibitory process, since the latter 
must be undoubtedly regarded as an active process and 
not as a state of inactivity. 

Then the following question of principle arises: Does 
not the nervous system experience three different states— 
excitation, inhibition, and a certain indifferent state, when 
the first two are absent? 

But proceeding from the general biological data we have 
grounds for doubting the existence of a neutral state. Life 
is a continuous interchange of destruction and restora- 
tion, in view of which a neutral state is simply inconceiv- 
able. On the whole, the problem can be reduced to the 
following: Is not the passive sleep, which differs from the 
usual sleep developing under the above-mentioned condi- 
tions, also a result of active inhibition? 

I think that certain considerations can be submitted 
which make it clear that the case of sleep observed in 
dogs, operated upon in accordance with the method of 
Speransky and Galkin, could be also accounted for by 
inhibition; it is an active inhibition greatly favoured by 
the circumstances, since now there is no need for the in- 
hibition to struggle against an extensive excitatory proc- 
ess and train itself, and as a result the stimulations 
falling upon the dog extremely facilitate the sleep. Why 
is this so? Because when the dog is mostly in a lying 
posture, certain points of its skin are continuously stimu- 
lated both mechanically and thermally. It is, therefore, 
conceivable that the passive sleep is evoked by a continu- 
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ous and monotonous stimulation of the remaining receptors. 
And we know the fundamental rule according to which 
each cell, under the influence of continuous and monoto- 
nous stimulations, inevitably becomes inhibited, Conse- 
quently, it is possible to interpret this sleep as a result of 
inhibition proceeding from the remaining receptors sub- 
jected to a prolonged monotonous stimulation. 

This is partially confirmed also by the following fact. 
When these dogs are transferred to new surroundings, they 
at first become more active, are wakened more easily, etc.; 
in other words, for a time they appear to be more lively. 

It can be assumed, therefore, that here, too, due to a 
decline of the tonus, to the weakening of the excitatory 
process, the inhibition easily takes possession of the 
cerebral hemispheres and that weak, monotonous stimula- 
tions arise provoking an inhibitory process. 

Then comes the following question: What happens to the 
dogs in which the cerebral hemispheres are extirpated? As 
a matter of fact, they, too, fall into a state of sleep. And 
this circumstance is often used as a serious objection to 
what I have just said, namely, to the statement that nor- 
mally sleep originates in the cerebral hemispheres. 

But J do not regard this objection as being physiologi- 
cally grounded. It is clear that since sleep is a diffused 
inhibition, and the latter spreads over the nervous system 
up to the lower limit of the spinal cord, and since there is 
a central system and a nerve fibre, inhibition must indis- 
pensably take place. In cases when the cerebral hemi- 
spheres are absent, why should the inhibition not develop 
in the lower parts of the central nervous system, now in 
a concentrated, now in an irradiated form? This is all the 
more likely since dogs possess lower levels of distant 
receptors—corpora geniculata (one relating to the ear, 
and the other—to the eye), and we know that a dog de- 
prived of the cerebral hemispheres reacts to acoustic and 
visual stimuli. Consequently, the conditions remain the 
Same as when the cerebral hemispheres are intact, and 
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sleep in this case is not excluded—it must inevitably 
manifest itself. So long as there exists inhibition and there 
is a cell which, as a result of excitation, is bound to become 
fatigued and fall into a state of inhibition, all the condi- 
tions for the development of inhibition are present. But 
in the absence of the cortex sleep begins from the sub- 
cortical formations. Hence, there is no contradiction here 
as far as the fundamental facts are concerned, that is, the 
interchange of excitation and inhibition, their concentra- 
tion and irradiation. If all these phenomena take place 
also in the lower part of the central nervous system, then 
why should sleep not develop there as well? Therefore, I 
regard these objections as being physiologically ground- 
less; they cannot refute our statement about the initiative 
of the cerebral hemispheres in the development of sleep 
in normal conditions. 

Next come more important facts. On the one hand, a 
clinical fact—the encephalitic sleep or somnolence, and 
on the other, the physiological apparatus advanced by the 
Swiss physiologist Hess, which, as it were, rivals my con- 
cept about sleep originating in the cerebral hemispheres. 

As for clinical sleep, the clinical concept of the centre 
of sleep is well known to Clinicians; it is based on the fact 
that after an infection of the brain, the so-called enceph- 
alitis, which is accompanied by somnolence, consider- 
able changes take place in the hypothalamus. On the basis 
of this fact the simple conclusion is made that the centre 
of sleep must be located there. 

However, I make bold to say that this reasoning, which 
is based on the fact that there is, on the one hand, sleep, 
and on the other, a destruction of the hypothalamus, is 
oversimplified. The above conclusion is, therefore, too hasty. 

Firstly, all that we know about tthe work of the cerebral 
hemispheres makes the concept of the hypothalamus as 
the actual centre of sleep doubtful and incomprehensible. 
lt is difficult to assume that an infectious process arising 
in the brain should in no way tell upon its most reactive 
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part—the cerebral hemispheres. It is likewise difficult to 
assume that the toxins should remain exclusively in the 
subcortex, without spreading to the cerebral hemispheres. 
I fully realise, of course, that bacteria favour definite 
chemical media, and that there must be a very delicate 
difference between the above-mentioned parts of the brain 
in respect of their chemical composition. It is quite con- 
ceivable that this is true, that the process in question 
concentrates mainly in the hypothalamus and produces in 
the nerve cells changes which can be afterwards revealed 
microscopically. But it may be that in the cerebral hemi- 
spheres these changes have only a functional character 
and manifest themselves in the weakening of the excita- 
bility of the hemispheres; at the same time they may be 
inaccessible to microscopic investigation. It can be sup- 
posed that there is a certain gradation of the patho-anatom- 
ical changes—from visible phenomena to purely functional, 
and, finally, invisible ones. 

On the basis of what we observe in the hypothalamus 
it is difficult to assert with confidence that these infections 
do not exert any influence on the cerebral hemispheres. I 
would regard such a conclusion as being too hasty. 

Secondly, I do not contest the fact that encephalitis 
is accompanied by sleep, and that this phenomenon is re- 
lated to the hypothalamus and complies with it. However, 
I am inclined to interpret this fact in the same way as I 
have done with regard to the fact established by Speransky 
and Galkin. Here is what I have to say in this connection. 
There is no doubt that the hypothalamus is a wide route 
with definite centres where the stimulations coming from 
the internal world, ie., from all the internal organs, are 
accumulated; its destruction leads to the isolation of the 
cerebral hemispheres from the entire internal world, from 
the entire activity of the organs; in other words, it provokes 
a State analogous to that which arises when all three 
receptors are destroyed, i.e., when the cerebral hemispheres 
are deprived of external stimulations. The stimulations 
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proceeding from the internal organs, although we are not 
conscious of them, constantly maintain a heightened tonus 
of the cerebral hemispheres. This is proved in the first 
Place by the fact that, as I have already mentioned, dogs 
with extirpated cerebral hemispheres are in a continuous 
state of sleep. Further proof is provided by a pigeon de- 
prived of the cerebral hemispheres and remaining constantly 
immobile and somnolent. But the moment there arises the 
necessity to eat or to evacuate the excretory organs, the 
pigeon awakes. Consequently, there is no doubt that these 
stimulations act on the cerebral hemispheres and bring it 
to a state of wakefulness. 

On the other hand, we know very well that in certain, 
particular cases, we feel the heart-beat, the movements 
of the intestines, etc. 

Another long-established fact shows that internal stimu- 
lations contribute to the maintenance of the cortex in an 
alert state, to its tonus. This fact was recently confirmed 
in America, in laboratory conditions, on a person in whom 
the ability to resist sleep for a long time was investigated. 
The following phenomenon was observed. A person who 
like yourself is interested in this particular investigation 
and who tries hard to keep awake as long as possible, 
despite a strong desire for sleep, successfully resists the 
state of somnolence only when he walks or when he is 
in sitting posture. The moment he lies down, i.e., relaxes 
the musculature, he immediately falls asleep. 

Thus you clearly see that our internal stimulations 
greatly contribute to the maintenace of a certain tonus in 
the cortex. 

In my view, encephalitic sleep is caused by the separa- 
tion of all internal stimulations from the cerebral hemi- 
spheres due to an affection of the hypothalamus; it is, 
consequently, the same drastic decline of the tonus that 
is observed when the external receptors are destroyed. 

There remains one more important fact which supports 
the reasoning of the clinicians concerning the centre of 
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sleep. I have in mind the experiments of Hess, in the 
course of which sleep was evoked by electric stimulation 
of definite parts of the brain. I am not going to contest 
this fact either. I fully admit it and believe that it will 
be reproduced by other investigators; but I consider it 
necessary to say a few words about its proper interpreta- 
tion and the objections which can be raised to the conclu- 
sion drawn by Hess. 

The first thing which attracts attention is that the above 
fact does not fully accord with the clinical fact, since the 
points in the latter case do not coincide with those 
stimulated by Hess. 

Hess himself emphasised this circumstance and stated 
that his experiments would disappoint the clinicians, since 
anatomically the points which produced sleep did not 
coincide. 

Whereas the lesions caused by encephalitis are located 
in the region of the third ventricle, in its lateral walls, 
etc., Hess subjected to stimulation the lowest part of the 
brain, almost reaching the brain stem. 

How 1s this fact to be interpreted? It must be pointed 
out that a phenomenon observed in the given organism 
under normal conditions, as in our case, is one thing, and 
a phenomenon observed under pathological condt:tions, 
especially when they are artificially produced in ‘the labora- 
tory, as, for example, the stimulation of the brain, is 
another thing. They are, of course, absolutely different 
phenomena. While in the latter case maximum simplicity 
can be attained, in the normal state the phenomena become 
complicated. But in the given case even Hess, who 
obtained a definite state in dogs by stimulating certain 
points in the brain, stated that this could be an excitation 
not only of the cells of an imaginary, fantastic “centre of 
sleep”, but of centrifugal or centripetal fibres; at the same 
time he drew attention to the fact that the points used by 
him for producing a state of sleep had been very limited. 

Then I am fully entitled to ask the following question: 
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Is not this simply a reflex sleep originating from the same 
cerebral hemispheres? Indeed, we know very well that 
a monotonous irritation of the skin, both in our laboratory 
experiments on dogs and in our experiments on human 
beings, produces a hypnotic state, a state of sleep. There 
is nothing surprising in the fact that certain stimulations 
of the nerve paths may provoke sleep. Consequently, 
these experiments do not prove that sleep is a stimulation 
of a definite centre. Along with hypnotisation by means 
of passes, which, undoubtedly, is a reflex inhibition caused 
by monotonous stimulations, a hypnotic state can also be 
evoked with the help of the verbal method. The latter is 
addressed to the cerebral hemispheres. In our laboratory 
we produce a State of sleep in dogs by means of a weak 
electric stimulation of the skin; this sleep is so persistent 
that after several experiments the place where the elec- 
trodes were fixed becomes a conditioned hypnogenous stim- 
ulus: it suffices to touch this place or to cut the hair on it, 
and the dog immediately subsides into deep sleep. Such 
is the effect of peripheral stimulations. 

What, then, is the value of Hess’ proof, especially since 
he himself states that his sleep is produced with the help 
of a weak electric current, and besides, a special (faradic, 
and not direct) one? Consequently, this could be a very 
weak stimulation corresponding to that which we obtain 
in the laboratory by means of a weak electric current. 

I find, therefore, that the Hess experiment, which was 
so highly convincing in the eyes of the author himself, 
and even more so in the eyes of the clinicians, can be right- 
fully contested and reduced to what I have already said, 
the existence of a special centre of sleep being out of the 
question. In my opinion, the crude idea that there is a 
special group of nerve cells which produce sleep, while 
another group produces the state of wakefulness, is, from 
the physiological point of view, contradictory. We observe 
the phenomenon of sleep in every cell; what reason have 
we, then, for asserting that there is a special group of 
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hypnogenous cells? If a cell exists, it inevitably produces 
a state of inhibition, which irradiates and renders all the 
neighbouring cells inactive; and when inhibition continues 
to spread, it produces sleep. 

Such is my firm conviction. 


DISCUSSION 


Question: What is responsible for the absence of sleep 
in dogs whose distant receptors were extirpated at different 
times? 

Answer: As you know, the inaction of one receptor 
always leads to an intense training of all others. It is a 
well-known fact, for example, that blind people have a 
highly sensitive touch. The same thing occurs in the given 
case with the reception of the external world when the 
olfactory receptor is removed; the activity of the latter 
is made up by the reinforced activity of the ear or the eye. 
It is, therefore, obvious that successive extirpation of the 
receptors makes possible such a training, while simultane- 
ous extirpation excludes it. 

It should be pointed out that there are indications which 
show that with the lapse of time, in the course of years, 
the dogs to a certain extent train themselves with the 
help of the remaining receptors (that is of the oral and 
cutaneous receptors) and in the end become more active. 
In any case this fact was manifested in dogs which have 
been used for these operations. 

Question: From the point of view of inhibition how do 
you explain a sleep accompanied by abundant dreams? 

Answer: As I have already said, sleep is an inhibition 
which gradually and steadily spreads to the lower levels 
of the brain. It is clear, therefore, that when sleep and 
fatigue begin to set in, the highest part of the cerebral 
hemispheres, which controls verbal activity (I call it the 
second signalling system of reality), ‘becomes inhibited 
first, since we constantly operate with words. 
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I can add now—for the sake of brevity I omitted it ip 
my talk—that this inhibitory process has its external ang 
internal stimuli. 

Among the internal stimuli of inhibition is the humora}] 
element, or consequently, certain cellular metabolites, 
which evoke this inhibition. On the other hand, the ex- 
ternal inhibitory stimuli, as I have already mentioned, are 
monotonous and weak. Naturally, it is the highest part 
of our brain, the verbal part of our higher cortical activity 
which functions in the daytime. Fatigue calls forth inhibi- 
tion, and this part becomes inactive. But along with the 
verbal function of the cerebral hemispheres there is a 
function which we share with animals and which is termed 
by me the first signalling system, i.e., the reception of 
impressions produced by all the stimuli acting on us. 

It is quite clear that when we are in an alert state, the 
part of the corlex controlling our speech, inhibits the first 
signalling system; that is why in the alert state we (except 
the artistic type of man whose constitution is of a peculiar 
character), when speaking, never imagine the object which 
we designate by words. I close my eyes and think of the 
person sitting in front of me, but I do not see him in my 
thoughts. Why? Because the excitation of the higher part 
inhibits the lower part. That is why when sleep begins 
and embraces only the higher part of the hemispheres, the 
adjacent lower part bearing a direct relation to impressions 
prevails and is manifested in dreams. When there is no 
pressure from above, a certain degree of freedom sets in, 
And even here a new fact must be added, a fact en- 
countered in physiology, namely, positive induction, When 
one point becomes inhibited, the other, on the contrary, 
becomes excited. And if we grant this, ie., if we assume 
positive induction, the phenomenon of sleep becomes 
particularly clear. 

Question: Judging by what you have said, there is no 
centre of sleep. How, then, are we to explain the fact that 
for such an important function as sleep there is no centre, 
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while there are centres for other, even less important 
functions of metabolism, for example, a sugar centre, a 
water centre, etc.? 

Answer: The explanation is quite simple. Inhibition and 
sleep exist for each cell. Consequently, they do not need 
any special cellular groups. 

Question: How should the problem of fatigue be con- 
sidered from this point of view? 

Answer: I have already said that fatigue is one of the 
automatic internal stimuli of the inhibitory process. 

Question: How do you explain the occurrence of fits 
during sleep? 

Answer: There is nothing special in this, because we are 
aware of the resources of our nervous system, the cerebral 
hemispheres. The following phenomenon is often observed: 
inhibition spreads over the cerebral hemispheres and 
sleep sets in; nevertheless, certain points, which I call 
points on duty or on guard, may remain active. This is 
observed, for example, in the sleep of the miller who wakes 
up when the noise of the mill ceases, or in the sleep of 
the mother who wakes up at the faintest sound coming 
from her child, but who is not disturbed by much louder 
sounds, So that when the conditions for the excitation of 
a certain part arise, sleep does not prevent the develop- 
ment of the process, 

Question: How can all the complicated reactions of a 
hypnotised person be explained, if we admit that in the 
state of hypnosis his entire nervous system is inhibited 
with the exception of the one point by means of which he 
communicates with the hypnotist? 

Answer: I have pointed out that hypnosis is a kind of 
sleep which gradually spreads from a basic point. 

Here is a fact which was observed in our laboratory. 
You have a dog which long ago was deprived of three 
receptors and which is in a constant state of sleep. Never- 
theless, you can awaken it with the help of the remaining 
cutaneous receptors, bring it to the laboratory, place it 
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in the stand and perform experiments on it. Then the 
following, extremely interesting phenomenon is observed, 
a phenomenon analogous to the hypnotic state: you can 
elaborate only one reflex in a dog of this kind; it is im- 
possible to form in it, as can be done in a normal animal, 
two, three, or four reflexes simultaneously. This is ex- 
plained by the fact that the cortical tonus, i.e., the ex- 
citatory process in the entire cortex, is very weak; hence, 
when it concentrates on one stimulus, there is nothing left 
for other stimuli and they remain inactive. 

In this way I explain also hypnosis and rapport. The 
cerebral hemispheres are not wholly embraced by inhibi- 
tion, since certain points of excitation may be formed in 
them. Through such an excited point you evoke a response 
and suggest. And then the hypnotised person inevitably 
executes your order, for when you give it you have every- 
thing extremely restricted. Consequently, all the influence 
of the other parts of the cerebral hemispheres on that 
which is suggested by your words, on the stimulations 
which you produce, is fully isolated from all others. And 
when the hypnotised person wakes up after such sugges- 
tion, he is powerless to do anything with this isolated 
excitation, since it is detached from all others. Therefore, 
in hypnosis it is a question not of complete, but of partial 
sleep. That is the difference between hypnotic and natural 
sleep. Whereas natural sleep represents a general inhibi- 
tion of the cerebral hemispheres, however, with the above- 
mentioned exception of the so-called points on duty and 
points on guard, hypnosis is a partial inhibition affecting 
only a definite point, all others remaining in an active state. 

Question: How do you explain the regular interchange 
of sleep and wakefulness? 

Answer: It is clear that our daytime activity is the sum 
total of the excitations which cause a certain amount of 
exhaustion; when this exhaustion reaches peak, it evokes 
automatically, in an internal humoral way, a state of in- 
hibition accompanied by sleep. 
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PAVLOV’S PHYSIOLOGICAL TEACHING 
AND PSYCHIATRY 


By Professor Y. Popov, 
Member of the U.S.S.R. Academy of Medical Sciences 


Pavlov’s physiological teaching is important to psychi- 
atry in two ways. On the one hand, in that it is connected 
with the philosophical aspect, the role which Pavlov’s con- 
ception has played in the development of the materialist 
world outlook and, on the other hand, in that, in interpret- 
ing various psychopathological phenomena, psychiatry 
makes wide use of the particular regularities of physiology 
and pathology of higher nervous activity which were 
studied by Pavlov and his school in experiments on animals. 
Each of these two aspects of the problem must be exam- 
ined separately. 

This examination must be prefaced by one terminological 
observation without which a misunderstanding would be 
likely to arise. It is the question of the relations between 
the terms “higher nervous activity” and “‘the psychic”. 
Pavlov himself regarded these two terms as synonyms. 
He wrote: “This... activity of the cerebral hemispheres and 
of the nearest subcortex ... the activity which ensures 
normal complex relations between the organism as a whole 
and the external world, must be rightly considered and 
denoted as higher nervous activity ... instead of ‘psy- 
chical’ as it was termed previously.”* And in another 
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place: “At present we are making, as it seems to me, 
warrantable attempts to apply the same method ito 
human higher nervous activity which is usually called 
psychical activity.”? As we shall see below, this equation 
of the conceptions of “higher nervous” and “psychical” 
activity is of great fundamental importance. 


I 


Observing diseases characterised by mental disorders 
man has always wondered about the causes of these dis- 
orders, and has always explained them primarily on the 
basis of his general philosophical world outlook. People 
adhering to the materialist position believed mental dis- 
orders to depend on disturbances in the activity of the 
brain as a material substrate of the mind. Adherents of 
idealist (or dualist) philosophy disconnected the mental 
disorders from their cerebral basis. In accordance with 
this the position of psychiatry among the other sciences 
was also given different interpretations. If the mental did 
not directly and immediately depend on the brain, the 
study of its (mental) pathology was not the concern of 
those who studied the human organism. 

In keeping with this, the famous German idealist phi- 
losopher Kant held that, to decide whether the accused is 
mentally sound, philosophers and not physicians should 
be invited to court as experts. 

According to Hildebrand, the competence of a psychia- 
trist appearing in the role of forensic expert is based not 
so much on his special scientific knowledge as on the 
strength of his philosophic judgement. 

Kronfeld in his book The Essence of Psychiatric Knowl- 
edge** arrives at the conclusion that, strictly speaking, 


* Present edition, p. 377. 
*+ Kronfeid, Das Wesen der Psychiatrischer Erkennlnis, Berlin, 
1920. 
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psychiatry is generally not a science of naturalists and 
physicians and must, at any rate, be with no lesser justi- 
fication classed with the sciences of the spirit (Geistes- 
wissenschaften). 

Already in his earlier works Kurt Schneider* inclined 
to the thought that the study of pathological cerebral proc- 
esses which underlie mental disease is not at all the busi- 
ness of the psychiatrist; the psychiatrist has to attend 
only to the psychic in which there is generally no pathol- 
ogy, but only “‘variations”. 

We find the same point of view also expressed in the 
later statements of this author. For example, in his recto- 
rial speech made at Heidelberg in 1951 and entitled Psychi- 
atry Today** Schneider maintains that, owing to the 
radical difference between the physical and the psychic, 
“the subject of psychiatry transcends the framework of 
the consequences of brain diseases” and psychiatry proper 
is only a “science of psychic anomalies”. If, in speaking of 
psychic disorders, we also imply the pathology of the 
brain, we only unite, according to Schneider, the physical 
and the mental under one roof. This becomes possible 
merely insofar as “we usually speak in the language of 
‘empirical dualism’ ”. ‘Thus, psychiatry in the final analysis 
actually becomes metaphysics.” 

Jaspers, as is well known, opposes the subjective psycho- 
logical “understanding” (Verstehen) of psychopathological 
phenomena to their objective causal “explanation” (Erkla- 
ren) on principle. 

What does such “phenomenological psychopathology” 
lead to? This is significantly expressed by Kleist, repre- 
sentative of another trend, in the following words: “When 
I read Jaspers and the authors related to him in spirit I 


* Reine Psychiatrie, symptomatische Psychiatrie und Neurologie. 
Zeitschr. fiir die ges. Neurol. und Psychiatr., Bd. 49, 1919. 

“® Kurt Schneider, Psychiatrie heute. G. Thieme Verlag. Stutt- 
gart, 1952. 
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always gather the impression that they see mental diseaseg 
as a sort of spectacle which they watch amazed and Stag- 
gered, full of compassion and awe. They themselves are 
fascinated, they speak in sonorous expressions of the 
solemn procession of apparitions and are happy if they can 
accompany the patient travelling through these mysterious 
worlds at least part of the way, suffering at that time 
together with them.’’* 

Freud, the founder of psychoanalysis, expressed his 
attitude to the problem of relations between psychic 
phenomena and processes in the brain thus: “The medulla 
oblongata is a very serious and beautiful object. I recall 
exactly how much time and effort I devoted to its study 
several years ago. But now I must say that I do not know 
of anything more indifferent to the psychological under- 
standing of fear than the knowledge of the nervous path 
travelled by its excitations.’ ! 

Even Sherrington who worked so much precisely in the 
field of physiology of the nervous system stated in one of 
his works that there 1s no proof of any connection be- 
tween mental activity and the brain. He wrote: “If nervous 
activity has anything to do with the mind ...”, etc. Pavlov 
was so surprised at this statement that ai first he lost 
confidence in his knowledge of English and asked others 
to translate this sentence. 

However, whereas the afore-mentioned scientists and 
the people who held the same views drew a sharp line 
between the psychic phenomena and the processes in the 
brain, as a matier of principle, the people adhering to 
materialist positions were also in difficult straits. 

It was not enough to think that psychiatry should rest 
on physiology of the higher parts of the brain. It was 
yet necessary to create this physiology and, since there 
was no such physiology, the aitempts of Meynert, Wernicke 


* Kleist, Die gegenwéitigen Strémungen in der Psychiatrie. 
** Freud, Sigmund, Gesammelte Werke. XI. Bd., 5. 408 
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and their followers to throw light on the pathophysiological 
bases of mental disorders assumed the character of un- 
substantiated hypotheses, absolutely unconvincing specula- 
tions. Theoretically declaring the principle of the natural- 
science approach these authors actually inclined to the 
scholastics of a priori invented schemes which were later 
given the ironic designation of “brain mythology’? (Hirn- 
mythologie).*? It can be said with complete justification 
that during that period not only a true physiology of the 
higher parts of the brain failed to be created, but even the 
approaches to its study were not outlined. F. Lange, Neo- 
Kantian philosopher, in his History of Materialism‘ said 
the following on the problem of the connections between 
mental phenomena and the brain: “The reason for the bar- 
renness of all the investigations of the brain conducted 
until now lies only partly in the difficulty of the subject. 
The main reason is apparently the total absence of a more 
or less suitable hypothesis or even only an approximate 
idea of the nature of the activity of the brain.” The first 
edition of the History of Materialism was published in 
1866, but already three years prior to that, in 1863, I. Se- 
chenov, in his book Reflexes of the Brain gave precisely 
the ‘suitable hypothesis”, the general idea of the activity 
of the brain of the lack of which Lange complained. I. Se- 
chenov’s main thought was that “all acts of the conscious 
and unconscious life are, by their origin, reflexes’. “All 
mental acts without exception ... develop by way of 
reflexes.” *** Thus the general principle of the work of the 
nervous system (reflex) was also applied to the activity 


+ It is mteresting to note that Wernicke understood how little 
many of his conceptions were based on facts and himself sometimes 
jestmgly referred to the theories he developed as “his systematised 
delirium”, 

+* B.A, Lange, Geschichte des Materialismus, first edition, 1866. 
Russian translation, St. Petersburg, 1899-1900. 
*** TI Sechenov, Selected Works, Vol. I, U.S.S.R. Academy of 
Sciences, 1952, p. 94. 
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of the higher parts of the brain with which the menta} 
functions are connected. The fact that the original title of 
I. Sechenov’s book barred by tsarist censorship, wag 
Attempt to Reduce the Origin of Mental Phenomena to 
Physiological Principles, deserves attention. 

I. Pavlov appraised these statements thus: ‘“‘The creation 
of the doctrine of cerebral reflexes by I. Sechenov appears 
to me as a brilliant flight of Russian scientific thought; the 
application of the idea of reflex to the activity of the 
higher division of the nervous system is a declaration and 
realisation of the great principle of causality to the extreme 
manifestation of animate nature.” 

It was now necessary to make the following step: to 
connect the psychological and physiological aspects within 
the framework of a separate, even if simple phenomenon, 
And this fundamentally important step was made by Pavlov 
in his teaching on conditioned reflexes. He himself said the 
following about it: “...the temporary nervous connection 
is the most universal physiological phenomenon both in 
the animal world and in ourselves. At the same time it is 
a psychological phenomenon—that which the psychologists 
call association, whether it be combinations derived from 
all manner of actions or impressions, or combinations 
derived from letters, words and thoughts. Are there any 
grounds for differentiation, for distinguishing between that 
which the physiologist calls the temporary connection and 
that which the psychologist terms association? They are 
entirely identical; they merge and absorb each other.’’* 

Pavlov’s historical contribution consists not only and 
not even so much in the fact that he discovered the con- 
ditioned reflex, as in the fact that he pointed out the 
material, cerebral basis for this phenomenon. Thus he 
indicated the possibility of studying higher nervous 
(psychic) activity from the physiological point of view. 


*« I, P. Pavlov, Selected Works, Foreign Languages Publishing 
House, Moscow, 1955, p, 251. 
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Speaking during the discussions of V. Boldyrev’s report 
on “Formation of Artificial Conditioned (Psychic) Reflexes 
and Their Properties” I. Pavlov said: “The results of this 
study are interesting in that they extend the already 
established possibility of systematically mvestigating the 
phenomenon known as psychic by means of objective 
physiological methods.”* 

On another occasion Pavlov said: “It is all a question 
of whether or not it is possible to analyse the so-called 
psychic phenomena by the objective scientific method. We 
assert that it is.”’4* 

To avoid misunderstanding, it siolia be noted that 
Pavlov did not deny the possibility and usefulness of study- 
ing the subjective aspect of psychic phenomena; nor did 
he deny the importance of psychology which he understood 
as a science of subjective phenomena. But Pavlov always 
emphasised the superiority of the objective physiological 
investigation of higher nervous (psychic) activity, He 
pointed out that the psychological designation of a phenom- 
enon is mainly of a descriptive character, whereas the 
true explanation should be built on the basis of physio- 
logical understanding. 

Pavlov’s statements which we find in the “Pavlovian 
Wednesdays” *! deserve considerable attention in this re- 
spect Concerning the question in which we are interested 
here Pavlov said: ‘Formerly I expressed myself particu- 
larly sharply about psychology and avoided any psycholog- 
ical expressions, etc. This was in large measure a fascina- 
tion. Then I somewhat reconciled myself...” and “... it 
would be foolish to deny the subjective world. It goes 


* I. P. Pavlov, Complete Works, Moscow and Leningrad, 1951, 
2nd Russ. ed., Val. VI, p 246. 
rr Thid , p. 253. 

*** Pavlovian Wednesdays, Moscow and Leningrad, 1949, Vol. II, 
pp. 415-16. Incidentally, it should be remembered that the shorthand 
records included in the Wednesdays were neither checked nor signed 
by Pavlov. 
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without saying that it does exist. Psychology, as a formula- 
tion of the phenomena of our subjective world, is a per. 
fectly legitimate thing and it would be incongruous to 
argue against it.” “It is a question of analysing this sub- 
jective world. Of course, the psychological analysis rust 
be considered inadequate because of its thousand-year-old 
futile efforts to study and analyse the higher nervous 
system. But psychology, as a study of the reflection of 
reality, as the subjective world in a certain manner in. 
cluded in general formulas, is, of course, a necessary thing. 
Owing to psychology I can imagine the complexity of the 
given subjective state.” “...It is with this that we must 
begin and then by imagining and conceiving this subjective 
reality we must approach it analytically, possibly with a 
still inadequate physiological analysis.” 

The foregoing point of view quite corresponds to Pay- 
lov’s other statements to the effect that it is a perfectly 
justified tendency to base phenomena of the so-called 
psychic activity on physiological facts. In another place 
I. Pavlov says that the “...physiological phenomena and 
the experiences of the subjective world are interconnected 
and... merge’. 

Thus Pavlov’s teaching is important for psychiatry 
primarily in that it has opened before us the possibility of 
physiological, strictly objective investigation of the most 
complex cerebral phenomena which were formerly consid- 
ered accessible to analysis only from the subjective psy- 
chological point of view. At the same time his discoveries 
prove the correctness and fruitfulness of the materialist 
approach to the study of the psychic and confirm that “the 
psychical, the mind, etc., is the highest product of matter 
(.e., the physical); it is a function of that particularly 
complex fragment of matter called the human brain”.** 


* Present edition, p. 386. 
*x V. I. Lenmn, Materialism and Empurio-Criticism, Foreign Lan- 
guages Publishing House, Moscow, 1952, p. 233. 
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The physiology of the higher parts of the brain devel- 
oped by Pavlov and his school was bound to exert enor- 
mous influence on psychiatry also in another way. Labora- 
tory studies have established the laws governing the activity 
of the cerebral cortex and adjacent subcortex under normal 
and pathological conditions. The knowledge of these laws 
has made it possible to find an explanation for a number 
of phenomena observed in the psychiatric clinic. 

In connection with this it must be emphasised that 
those, who think that the studies of the conditioned sali- 
vary reflexes conducted in I. Pavlov’s laboratories were 
only investigations of the regularities of secretion of one 
of the glands of the digestive tract, are absolutely wrong. 
As has already been repeatedly noted in literature, the 
method of salivation was but a way of discovering the 
general laws of higher nervous activity. By using a 
metaphor we can say that the salivary gland was merely 
a window through which it was possible to see what was 
going on in the cerebral cortex. The fact that the investi- 
gations conducted by the motor method confirmed the 
basic regularities established by the studies of conditioned 
salivary reflexes serves as convincing proof of the cor- 
rectness of this propositon. 

Pavlov not only created the teaching on higher nervous 
activity which was bound to become the basis for the 
pathophysiological analysis of the disorders observed in 
the psychiatric clinic, but also himself made a number of 
attempts at such analysis, at the same time advancing 
several highly fruitful and deep conceptions. Such an 
“attempt of a physiologist to digress into the domain of 
psychiatry” (using Pavlov’s own expression) quite corre- 
sponded to his views of the relationship between the clinic 
and the laboratory. In his article “Psychiatry as an Aux- 
iliary to the Physiology of the Cerebral Hemispheres” 
Pavlov wrote: “My earlier researches on the circulation of 
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the blood and on digestion led me to the firm conviction 
that ihe physiological mode of thinking may derive great 
help from the study of clinical cases, i.e., from the count- 
less number of diverse pathological variations and combi- 
nations of the functions of the human organism. For this 
reason, during many years of work on the physiology of 
the cerebral hemispheres I often thought of making use of 
the world of psychiatric phenomena as an analytical aux- 
iliary to this physiological study.’’* 

In his “Lectures” Pavlov emphasised once more that in 
studying pathological material the physiologist may some- 
times consider such phenomena which it is impossible to 
find normally: “...the pathological often opens before us, 
breaking up and simplifying, what is hidden from us, 
blended and complicated in the physiological norm. In the 
lecture on normal hypnotic states we reported that the 
particularly interesting states ... became a subject of our 
investigation only since they had clearly appeared before 
us in a pathological case’.7? As a matter of fact, Pavlov 
always systematically strove to establish contacts with 
the clinic. It is significant that already the first publication 
on the question of higher nervous activity, his speech at 
the International Medical Congress in Madrid in 1903 was 
entitled “Experimental Psychology and Psychopathology 
in Animals”. Here psychopathology was still understood 
only as a result of experimental destruction of different 
parts of the brain. Pavlov described that stage of his work 
as “.., systematic division and derangement of the central 
nervous system in order to sce how the previously estab- 
lished relations change.... This will be the future and, I 
feel sure, the already approaching experimental psycho- 
pathology”’.''+ 

Later Pavlov himself pointed out that such experimental 


* Present edition, p. 60. 
** Tbid., p, 167. 
“rs Jbid., p. 28. 
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methods often prove too crude and that precisely for this 
reason they need supplementation by clinical observations. 
In 1919 Pavlov said in one of his reports: “Indeed, instead 
of applying our usual method which, as a mode of analysis, 
consists in destroying certain parts of the brain, and is 
very crude compared with the complexity and delicacy of 
the mechanism under investigation, one might expect in 
some cases to achieve a more distinct, precise and detailed 
decomposition of the work of the brain as a whole into its 
separate elements, to obtain a delimitation of its functions 
resulting from pathological causes, which sometimes reach 
a very high degree of differentiation.”* Pavlov expresses 
himself even more definitely on this question in his “Lec- 
tures”, ‘“The cerebral hemispheres are a most complex and 
subtle structure developed by the creative power of terres- 
trial nature, while for studying it we turn to it with a 
brutal form of destruction, violent total separation of some 
of its parts. Imagine that we have to study the structure 
and function of an infinitely simpler tool made by human 
hands. Ignorantly, without distinguishing its parts or care- 
fully taking it apart we would remove, for example, with 
the aid of a saw or some other destructive tool, now one- 
eighth and now one-quarter of it, etc., and would thus 
collect material for judging the structure and function of 
this tool. And this is essentially what we usually do with 
respect to the cerebral hemispheres and other parts of the 
brain. With hammer and chisel or saw we break up their 
dense receptacle, open their several membranes, tear up 
their blood vessels and, lastly, exert various mechanical 
influences on them (concussion, pressure, distension) sep- 
arating from them pieces of the size we require."** 

In Pavlov’s works we find his thoughts, the thoughts of 
a physiologist, on a number of disorders which he chanced 


* Present edition, p. 60. 
4*T BP, Pavlov, Complete Works, 2nd Russ. ed. Vol. IV, 
pp. 336-37. 
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to observe in the psychiatric clinic. In his articles, speeches, 
reports and lectures he touched upon schizophrenia, the 
manic-depressive psychosis, epilepsy, paranoia, delirium, 
neurasthenia, hysteria, psychasthenia, obsessive states, 
types of human nervous system, hypnosis, and the mecha- 
nism of action of various drugs on the nervous system used 
in the psychiatric clinic. We shall now try to trace and 
systematise I. P, Pavlov’s main statements on these ques- 
tions. ! 


Ul 


I. Pavlov encountered the problem of different types 
of nervous system in the experimental animals (dogs) 
during the very early stage of his investigations. 

His observations of the so-called “experimental neu- 
roses” served as the point of departure. In a number of cases 
the overstrain of the nervous system in the experimental 
dogs led to functional disorders.'' The differences discov- 
ered in this respect between the different animals furnished 
the grounds for classifying the types of nervous system. 
The obvious analogies between the disorders revealed in 
the laboratory and some neurotic symptoms noted in the 
clinic served as the point of departure for the physiological 
analysis of neuroses. 

By producing experimental neuroses in dogs it was, 
first of all, possible to cstablish that this was not always 
equally easy. In some dogs even a slight overstrain of the 
nervous system produced a neurosis. In others it was 


* In this article we shall not deal with Pavlov’s views of schi- 
zophrenia, because this question is treated specifically in L. Rokh- 
lin’s article. 

** Various methods were used to produce them Subsequently it 
was established that all these methods formed three categories’ 
1) overstrain of the excitatory process, 2) overstrain of the mlubi- 
tory process, and 3) overstrain of their mobilily, ie, too rapid alter- 
nation of excitation and inhibition. 
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achieved with great difficulty. There were also dogs in 
which it was at first impossible to produce a neurosis by 
any method. Only later did the experimenters learn to 
produce neurosis in these animals by giving them particu- 
larly difficult tasks and by weakening their nervous system 
(for example, by castration). 

The second series of facts showed that the picture of 
neurosis differed in the different dogs: in some it was 
mainly the inhibitory reflexes that were disturbed and the 
positive preserved, in others, on the contrary, the inhibi- 
tory reactions clearly prevailed over the positive reactions 
which weakened or disappeared altogether. 

On the basis of these data, on the one hand, and depend- 
ing on how easily the various conditioned reflexes were 
elaborated, on the other hand, the dogs were at first divid- 
ed into three groups: the excitable type, inhibitory type 
and intermediate or balanced type. Furthermore, the inter- 
mediate group was in its turn divided into two types: the 
barely active type and the lively type. These types were 
given designations borrowed from the Hippocratic teach- 
ing on temperaments: sanguine (excitable), melancholic 
(inhibitory), phlegmatic (intermediate, sedate), and choleric 
(intermediate, lively). 

This initial division was subsequently reconsidered and 
revised. To begin with, it turned out that the inhibitory 
type was interpreted incorrectly. It was assumed that 
“,..the dogs of this type are, as it were, specialists in in- 
hibition and all types of internal inhibition are easily 
produced in them and persist....”” On the other hand, the 
process of excitation in these dogs was considered to be 
relatively weak. Later it developed that inhibition in these 
dogs was conditioned not by the prevalence of internal in- 
hibition over excitation in them, but by weakness of both 
processes. “With equal ease the weak inhibitable type be- 
comes ill both under slightly strained inhibition and under 


* Present edition, p. 169. 
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the action of very strong stimuli.”* Pavlov plainly says 
that this is ‘‘a weak type in which both processes are 
weak, especially, the inhibitory process”.'* Of course, 
when speaking of the peculiarities of inhibition in animals 
of the weak type, it is necessary to remember the differ- 
ence between external and internal inhibition, 

I. Pavlov writes: “In the weak type, with its weak in- 
ternal inhibition, the external inhibition (negative induc. 
tion) is, on the contrary, highly predominant and, above 
all, determines the entire externa) behaviour of the ani- 
mal.” "4+ Later, the characteristic of behaviour (more tran- 
quil, sedate, very lively, active, etc.) was replaced with a 
purely physiological criterion of the mobility of nervous 
processes. 

In the end the classification of types of nervous system 
was based on a combination of three factors: strength of 
basic nervous processes, balance between them and their 
mobility, Various combinations of these features made it 
possible theorctically to foresee the existence of eight or 
even twenty-four different types. Practically, however, 
four main types were set apart: strong, balanced and mo- 
bile (sanguine), strong balanced and barely mobile (phleg- 
matic), strong and unbalanced (choleric), and weak (melan- 
cholic). Pavlov emphasised that these properties of the 
nervous system were not constant and invariable, that they 
very greatly depended on the influence of the environment, 
greater or lesser training of the processes, etc. The ob- 
servations of Vyrzhikovsky and Mayorov conducted in Pav- 
lov’s laboratory showed that pups which had been kept in 
a cage since the very day of their birth subsequently 
proved extraordinarily cowardly and were inhibited by the 
slightest changes in the enviranment. The reason for it was 
that artificial isolation from contact with the environment 


. 
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inhibited the natural involution of the “reflex of caution”, 
which is characteristic of pups and which, as a rule, sub- 
sequently disappears. 

Since the aforesaid factors—strength, balance and mobil- 
ity—are properties of the nervous system not only of the 
dog, but also of man, it is natural that the four types 
evolved in the laboratory (sanguine, phlegmatic, choleric 
and melancholic) must also be encountered with corre- 
sponding variations in man, Pavlov speaks of them as 
“general types of animal and human higher nervous ac- 
tivity”. In additon to this, Pavlov also set apart special 
types characteristic only of man and connected with 
peculiarities of nervous structures inherent only in the 
latter. 

As is well known, the idea of the multi-story structure 
of the nervous system is not new. It is recognised by most 
modern neurologists. The following levels are most 
frequently distinguished: spinal cord, medulla oblongata 
and pons, diencephalon, mesencephalon, central (basal) 
ganglia and, lastly, the cortex. Without dwelling on the 
question of the number and functional borders of these 
levels we may assume, as a general rule, that each under- 
lying story is phylogenetically older than the overlying and 
that the overlying levels depress, inhibit the underlying 
levels. Pavlov applied this general idea to the cerebral 
cortex, holding that the latter could not be regarded as a 
single whole, but that it consisted of two parts—the first 
and second signalling systems. 

The first signalling system receives the stimulations 
produced by the action of external objects on our “sense 
organs’; the first signalling system has to do with concrete 
images of the external world. “In the animal, reality is 
signalised almost exclusively by stimulations and by the 
traces they leave in the cerebral hemispheres, which come 
directly to the special cells of the visual, auditory or other 
receptors of the organism. This is what we, too, possess 
as impressions, sensations and notions of the world around 
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us.”* “Tt is here that a new principle of activity arises with 
the help of conditioned connection or association—the 
signalisation of a limited number of unconditioned externa} 
agents by a countless number of other agents, which at the 
same time are constantly subjected to analysis and syn- 
thesis and ensure very wide orientation in relation to the 
same medium and thereby a much higher degree of adapta- 
tion. This is the only signalling system in the animal or- 
ganism and the first signalling system in man.” ** 

Over this first signalling system a second Signalling sys- 
tem is superimposed in man. This system already has to 
do not directly with the signals which reach the first sys- 
tem, but with the signals of these signals, with words: 
‘“,. speech constitutes a second signalling system of real- 
ity which is peculiarly ours, being the signal of the first 
signals”.'*+ “In this way a new principle of nervous activ- 
ity arises—abstraction and at the same time generalisation 
of the countless signals of the first signalling system which 
is again accompanied by analysis and synthesis of the new 
generalised signals—a principle which ensures unrestricted 
orientation in relation to the surrounding world and 
the highest degree of adaptation, namely, science, both in 
the form of human universal empiricism and in specialised 
forms, 4+ 

The interrelations of these two signalling systems create 
new types, characteristic only of man: artistic (predomi- 
nance of the first signalling system), intellectual (predom- 
inance of the second signalling system) and intermediate 
(both systems are balanced). 

It stands to reason that each normal person is capable 
of concrete-image and abstract-verbal thinking, and it is 
a question merely of the predominance of one or the other 
type in the given individual. 


' Present edition, p. 378. 
** Tbid., p. 276. 
*4" Thid., p. 378. 
eee Thid., p. 277, 
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Speaking of Pavlov’s “artistic” type we cannot but re- 
call the old statement made by the remarkable Russian 
literary critic V. Belinsky: “An artist thinks in images.” We 
find a fine description of this method of thinking in Maxim 
Gorky’s novel My Apprenticeship. The author describes 
the impression made on icon painters by M. Lermontov’s 
poem The Demon. One of them said: “I could even paint the 
Demon: a dark shaggy body; flame-coloured wings are fire 
—red lead—with face and feet and hands a palish blue, 
like snow on a moonlit night.” Here we see that a person 
with an artistic type of thinking and an artist by occupa- 
tion finds it difficult to relate his impression in an abstract-_ 
verbal form, but this impression finds its expression in so 
concrete a visual image that we could even name the col- 
ours required. 

Of course, Pavlov makes only a relative division be- 
tween the two types of thinking. With its many-sided func- 
tion the word can serve not only to convey abstract ideas, 
but also to designate concrete images. Therefore not only 
a painter, but also a writer can be an artist. The way the 
latter achieves his aim, indicating concrete sensuous de- 
tails by means of the word, can be seen from the follow- 
ing example given by the critic in his analysis of L. Tol- 
stoi’s War and Peace. After the Battle of Borodino a phys- 
ician, in a blood-stained apron near a tent for the wound- 
ed, holds a cigar in his blood-smeared hands, between 
the thumb and little finger in order not to soil the cigar. 
This position of the fingers reflects the continuity of the 
terrible work and lack of squeamishness, indifference to 
wounds and blood caused by long habit, fatigue, and desire 
to forget oneself. The complexity of all these inner states 
is depicted by means of a small detail—the position of 
two fingers. 

As regards the interrelations between the first and 
second signalling systems it should be noted that either 
system may predominate over the other, or that they may 
be balanced on different levels. One of the signalling sys- 
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tems may prevail either because it is very strong or be- 
cause the other system is very weak. Similarly the two 
signalling systems may be balanced under different condi- 
tions: both are weak, both are moderately strong or both 
are strong; in none of these variants does one signalling 
system prevail over the other. Pavlov himself pointed out 
Goethe and Leonardo da Vinci as persons in whom both 
signalling systems were extraordinarily strong. 

The typological peculiarities which are common with 
the animal, as well as the specially human, which were 
discussed above, do not as yet indicate pathology. These 
variants are within the normal range, within the frame. 
work of the individual differences found among different 
people. But if the traits of weakness or unbalance reach the 
extreme limit, they go outside the normal variants and be- 
come various types of psychopathias which are connected 
with the normal states by a series of gradual transitions. 

From the foregoing it follows that Pavlov distinguished 
four general and two special human types of nervous sys- 
tem. But, as Pavlov himself repeatedly pointed out, this 
number is not all-inclusive. Existence of other types, which 
we have as yet been unable to identify, may be assumed. 

It should be noted that the terminology used by Pavlov 
has not remained unchanged, In his later works, for the 
purpose of separating the inborn peculiarities from the 
changes conditioned by lifetime influences, he began to 
speak of type and of character. Pavlov defines these two 
terms thus: “... type is a congenital, constitutional form of 
the nervous activity of the animal—the genotype. But since 
the animal is exposed from the very day of its birth to the 
most varied influences of the environment ... the ultimate 
nervous activity of the animal (phenotype, character) is 
an alloy of the characteristics of type and the changes 
produced by the external environment.”’* 


“T, P, Pavlov, Selected Works, Foreign Languages Publishing 
House, Moscow, 1955, p. 260. 
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IV 


Closely connected with Pavlov’s research in experimen- 
tal neuroses and types of nervous system are his views con- 
cerning the physiological basis of neurotic disorders in man 
—neurasthenia, psychasthenia and hysteria in the first 
place. 

After the very first studies which made it possible to 
accumulate and systematise information on experimental 
neuroses in dogs, Pavlov began to draw an analogy be- 
tween these states and certain disorders of the nervous sys- 
tem observed in man. This analogy could be the more 
easily drawn since Pavlov regarded human neuroses as 
psychogenic diseases. While fully appreciating the differ- 
ence in the content and nature of the stimuli falling on 
the animals and man, Pavlov at the same time pointed out 
the common elemenis which could be subject to physiolo- 
gical analysis. He wrote: “To a considerable degree the 
pathological nervous states produced by us conform to the 
so-called psychogenic diseases in human beings. The same 
overstrain and the same collisions of the excitatory and 
inhibitory processes are also encountered in our own lives. 
For instance, somebody has deeply insulted me and I for 
some reason or other have not been able to respond to it 
by corresponding words, or, moreover, by a certain action, 
with the result that I had to overcome the struggle or con- 
flict between the excitatory and inhibitory processes within 
myself. And this was repeated more than once.... This 
often leads to breakdowns, to neuroses. Indeed, can we 
find any essential physiological difference between such 
breakdowns and those which we obtain in our experiment- 
al animals by colliding the excitatory and inhibitory proc- 
esses?” * 

As is well known, the very first observations revealed 
two forms of disturbances of nervous activity in animals: 
in some cases the inhibitory process was greatly disturbed, 
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while the excitatory process exhibited no particular de. 
viations; in other cases, on the contrary, the inhibitory 
process clearly predominated over the process of excitg- 
tion. Pavlov voiced an assumption that the form characte. 
rised by prevalence of excitation corresponds to neuras- 
thenia, and the one manifested by predominance of inhibj- 
tion—to hysteria. This point of view was subsequently 
somewhat revised. The physiological bases of hysteria 
were later given by Pavlov in an entirely different light, 
whereas the analogy between experimental neurosis and 
neurasthenia was completely confirmed. This analogy holds 
good for the conditions of emergence of neurasthenia 
(overload, overstrain of the nervous system), aS well as of 
the symptoms. In point of fact, almost all the basic symp- 
toms forming the clinical picture of neurasthenia can be 
interpreted as results of inadequacy of the inhibitory proc- 
ess. Hence, the excessive ease of emergence and violence 
of reaction in dhe neurasthenics, inadequacy oi inhibition 
which finds vivid expression in the entire behaviour of 
these patients, their rapid exhaustion in connection with 
the important role played by inhibition in restoring the 
nerve cell, and a good deal else. Later the understanding 
of the physiological bases of neurasthenia was additionally 
enriched by the discovery of the phenomenon of patholog- 
ical lability, ‘‘explosiveness” of ithe excitatory process in 
the picture of experimental neurosis. In this case “certain 
individual stimuli or all the conditioned stimuli produced 
an extremely violent and excessive effect (both motor and 
secretory), which, however, abruptly disappeared already 
during the action of the stimulus”.? As Pavlov points out, 
the similarity of this phenomenon with ‘excitatory weak- 
ness” which represents such a characteristic feature in the 
picture of neurasthenia cannot be doubted. 

The assertion made by some clinicians that two forms 
of neurasthenia must be distinguished—one with predomi- 
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nance of excitatory phenomena and the other with prevail- 
ing symptoms of depression—is, in Pavlov’s opinion, con- 
firmed by facts and finds its conformity in the two basic 
types of experimental neurosis discussed above. (As we 
have already noted, Pavlov later relinquished his initial 
comparison of one of them with hysteria.) 

Naturally, neurasthenia does not arise with equal ease 
in different people or in different animals. In both cases 
those who have a weak nervous system are particularly 
inclined toward development of this neurotic state. At the 
same time, as the similarities between the basic features 
of experimental neurosis and neurasthenia make it clear, 
the main role is played by the peculiarities of the nervous 
system common to man and animals and not specific for 
the former. Pavlov wrote: “Neurasthenia is a pathological 
form inherent in the feeble-general and intermediate hu- 
man types.’’* 

Naturally, neurasthenia may also develop in a represent- 
ative of the strong type if the latter is extraordinarily 
overstrained. 

Unlike neurasthenia, psychasthenia and hysteria are 
specifically human neuroses. Their development is direct- 
ly dependent on disturbances in the normal interrelations 
between the first and second signalling systems (and, 
hence, can have no analogy in animals since the latter have 
no second signalling system). 

Pavlov conceived psychasthenia essentially in accord- 
ance with the clinical description given by Janet. However, 
unlike the generally accepted point of view, Pavlov did 
not consider obsessive symptoms a characteristic sign of 
this disease. According to Pavlov, the obsessive states, as 
a rule, were based on foci of pathological inertness (see 
below) and could develop in persons with different types 
of nervous system, during neurasthenia and hysteria in 
particular. Phenomena analogous to obsession are observed 
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éven in animals, whereas psychasthenia is character. 
istic of a special stamp of personality in which the two 
signalling systems are unbalanced, the second system pre- 
dominating and the first signalling system and the emo. 
tions being relatively weak. Since the second signalling sys- 
tem is connected with the stimuli coming from the exter. 
nal environment through the first signalling system, its 
weakness involves an inadequacy of the ‘‘function of the 
real’, a feeling of inferiority, imperfection of perception of 
the surroundings and, hence, the ensuing diffidence and 
indecision. At the same time the severance of the second 
signalling system from surrounding reality creates a pre- 
disposition to unproductive philosophising, fruitless rea- 
soning, ungrounded apprehensions, etc. The inadequacy 
of the emotional-instinctive make-up finds expression in a 
weakness of the basic drives (food, sex, etc.). The ques- 
tion of the physiological bases of hysteria was answered 
by Pavlov fully and with remarkable insight into the 
essence of this disease. 

As already mentioned, Pavlov al first regarded hysteria 
as a disorder analogous to the forms of experimental neu- 
rosis in which predominance of inhibition is observed. 

Later Pavlov relinquished this pomt of view and ad- 
vanced another, much deeper and more elaborate theory 
of the physiological bases of hysteria. 

The question of pathogenesis of the latter has been, as 
is well known, a subject of numerous investigations since 
antiquity. Some investigators succeeded in correctly ob- 
serving certain characteristic traits of hysteriacs: increased 
emotionality, suggestibility, escape into disease, inclina- 
tion to fantasy, a peculiar disturbance in the unity of per- 
sonality, etc. But before Pavlov we did not have any 
integral, convincing and physiologically substantiated 
theory of hysteria. Nor could we understand how the var- 
ious peculiarities characteristic of hysteriacs were con- 
nected with each other, what united them and why these 
peculiarities generally emerged in the given personality. 
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Pavlov based his theory on the conception of the gener- 
al weakness of the nervous system of hysteriacs combined 
with the unbalance of the signalling systems, the second 
signalling system being particularly weak. What are the 
consequences of this assumption? To begin with, the 
weakness of the cortex must involve an increased activity 
of the subcortex partly because the latter turns out to be 
free from cortical control and partly because of the posi- 
tive induction from the cortex which easily lapses into a 
state of inhibition. This accounts for the increased emotion- 
ality of hysteriacs as well as their inclination toward 
violent affective discharges and primitive motor reactions 
which assume the form of attacks. The high inhibitability 
of the cortex conditioned by its weakness creates prereg- 
uisites for the emergence of a deep state of “hypnosis” 
and pictures of protracted torpor. On the other hand, the 
points of the cortex, which, under the influence of emo- 
tions, “are charged from the subcortex’, easily prevail over 
the other foci of excitation and by strong negative induc- 
tion exclude the control and influence of the latter. Hence, 
the “emotional logic” and tendency to act mainly under the 
influence of direct affective motives, characteristic of hys- 
teriacs. The same phenomenon (strong negative induction 
from the point of concentrated excitation, especially sup- 
ported by the subcortex, which easily depresses all the 
competing foci of excitation against the background of the 
generally low cortical tone) also explains the increased 
suggestibility and autosuggestibility of hysteriacs. Here 
the mechanism is the same as in hypnotic and posthypnotic 
suggestion, This is why the well-known characteristic of 
hysteriacs, as persons in a state of chronic hypnosis, is, as 
Pavlov points out, to a certain extent correct. The powerful 
influence exerted by emotional stimuli on the higher nerv- 
ous activity of hysteriacs also elucidates the nature of the 
notorious “‘escape into disease”: the reactions or forms of 
behaviour which, for particular reasons, have a positive 
emotional colouring, are easily consolidated, become ex- 


437 


tremely stable and tend to relapse. Thus, according to Pay- 
lov, the factor of “desirableness”, “advantageousness” is 
not at all necessary for the emergence of the hysterical 
reaction, but, where such a factor is on hand, the developed 
symptoms prove particularly stable and persistent as posi- 
tively reinforced. Pavlov wrote: “We, therefore, have no 
sufficient grounds to affirm that this case represents a 
deliberate simulation of symptoms, In effect, it is a case of 
fatal physiological relations.” ! 

The inclination of hysteriacs toward unbridled fantasy 
and day-dreaming, and, in extreme cases, twilight states, 
when the images of fantasy become so strong and vivid that 
they distort perception of surrounding reality, must be con- 
nected with the special weakness of the second signalling 
system. The fatter easily sinks into an inhibited state thus 
freeing the first signalling system from its control, and the 
activity of the latter, strengthened and not properly guided, 
finds expression in the aforesaid forms (the first signals 
with their imagery and concreteness come into play). 

Thus, the most diverse, and, at first sight, unconnected 
manifestations of hysteria are conditioned by the action of 
three physiological mechanisms: 1) easy liability to various 
degrees of the hypnotic state because even usual stimuli 
are supermaximal and cause transmarginal inhibition, 2) ex- 
traordinary fixation and concentration of nervous processes 
at individual points of the cortex owing to the predomi- 
nance of the subcortex and 3) extraordinary strength and 
diffusion of negative induction due to the low resistance of 
the positive tone of the remaining parts of the cortex. 
These three physiological mechanisms are in their turn 
produced by one common cause—weakness of the cortex 
as a whole and of the second signalling system, in partic- 
ular. 

At the same time we must remember that weakness of 
the second signalling system may be not only inborn, but 
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also acquired. It is precisely for this reason that we some- 
times see emergence of hysterical reactions (or, as some 
people put it, hysterisation of the personality) after physi- 
cal injury to the head, after repeated psychic trauma, etc., 
in “constitutionally healthy” people. In such cases the pre- 
ceding harmful factors weakened the second signalling sys- 
tem and thereby created physiological prerequisites for 
reaction in the manner of the hysterical type. 

Thus we see that the theory proposed by Pavlov not only 
enables us to understand and knit into a single whole the 
different manifestations of hysteria, but also gives them a 
physiological explanation, and shows from which anatomo- 
physiological peculiarities and how these clinical symp- 
toms arise. At the same time Pavlov does not reject the 
greater part of the preceding “psychological” theories of 
hysteria, but unites them, synthesises them and puts them 
on a pathophysiological basis. Together with Pavlov we rec- 
ognise the importance of increased emotionality (Kraepe- 
lin, Déjerine), increased suggestibility (Babinski, Moebius), 
tendency to lapse into a state of “chronic hypnosis” (Char- 
cot, Sollier), disturbances of the mental synthesis (Pierre 
Janet), split personality (Raymond), reaction by means of 
phylogenetically old mechanisms (Kretschmer), and the pa- 
tient’s interest in “escape into disease” (Bonhoeffer, Striim- 
pell); but at the same time Pavlov shows us how all these 
signs combine and what peculiarities in the state of the 
brain condition them. 


Vv 


Phenomena of hypnosis* attracted Pavlov’s attention 
early in his work. As far back as 1919, the article “‘Psychi- 
atry as an Auxiliary to the Physiology of the Cerebral 
Hemispheres” pointed out various similar features between 


* To avoid misunderstanding it should be remembered that- 
Pavlov used the word “hypnosis” with two meanings. Firstly, he 
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the hypnotic state and certain manifestations of schizo. 
phrenia. In particular, he expressed the assumption that 
the mechanism of ficxibilitas cerea in schizophrenia js 
the same as in hypnosis: inhibition of the cortex which con- 
ditions the release and strengthening of brain stem reflexes, 

In his article “Concerning So-Called Hypnotism in Ani- 
mals” published in 1921 Pavlov developed the hypothesis, 
according to which this state (hypnosis in animals) is a 
self-protective reflex of an inhibitory character elicited by 
extraordinary external stimuli. Pavlov was not the only one 
to hold this view. He himself wrote: “A number of other 
authors came to this same conclusion conccrning hypnosis 
in animals.”+ Among other things we deem it necessary to 
mention that V. Danilevsky, well-known Kharkov physiol- 
ogist, expressed an analogous point of view as early as 
1878 in his report to the Kharkov Medical Society and in 
1885, 1888 and 1889 in publications.'! V. Danilevsky also 
held that the physiological mechanism of hypnosis in an- 
imals (and man) consisted in a reflex depression “of the 
voluntary muscles and reactions of sense perceptions”. 

Subsequently Pavlov’s conception of hypnosis under- 
went a considerable evolution. The basic proposition that 
the essence of hypnosis consisted in inhibition of the cortex 
sometimes descending to*the underlying brain stem ap- 
paratus remained unchanged. But the achievements made 
over a number of years in the studies of the very process 
of inhibition enabled him considerably to improve and 
develop his initial conception. 


employed this word in the usual sense, implying the phenomena 
pertaining to the field of hypnotism. Secondly, by the word “hypno- 
sis” Pavlov designated the phenomena of partial sleep, inibition, 
which has not reached complete development, but has attained only 
a particular intermediate stage which Pavlov called a “hypnotic 
phase”. 

* Present edition, p. 71. 

** Subsequently V. Danilevsky fully substantiated and sel forth 
his views in the monograph Hypnotism (Kharkov, 1924). 
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Whereas originally hypnosis in animals was regarded as 
reflex inhibition evoked by extraordinary stimuli, sudden 
brutal violence, later it was possible to establish that 
stimuli of moderate strength repeated for a long time could 
also produce the hypnotic state in the dog. Subsequently 
it was found that indifferent stimuli several times coincid- 
ing with inhibitory stimuli themselves became inhibitory 
(‘negative conditioned reflexes”). For example, the situa- 
tion in which sleep was induced in the dog, or the phenom- 
ena which preceded sleep, acquired a hypnotic effect. 

Thus the three basic methods by which hypnosis is also 
produced in man were given their physiological explana- 
tion: 1) hypnosis by means of unexpected strong stimuli 
as induced by Charcot in hysteriacs, 2) hypnosis induced 
by means of weak but long-continued or monotonously re- 
peated stimuli (fixation of a shining object, metronome 
beats, stroking, etc.), and 3) hypnosis induced by verbal 
suggestion of the sensations or physiological states which 
usually precede man’s falling asleep. 

The implication of the formula—inhibition is the basis of 
hypnosis—has also changed. In his very first works deal- 
ing with this subject Pavlov emphasised that it was a ques- 
tion of partial inhibition. But the term “‘partial” was origi- 
nally understood, so to speak, purely regionally. It im- 
plied that inhibition did not embrace the entire cerebral 
cortex,* but only more or less considerable sections of it, 
mainly the motor divisions, that, against the background 
of this diffuse inhibition, there remained some sections 
which retained normal excitability and thereby ensured 
the connection between the subject and the hypnotist. 
Pavlov wrote: ‘‘... If there are no obstacles in the form 
of foci of strong excitation to prevent inhibition from 
spreading over the cerebral cortex, you have ordinary gen- 
eral sleep. If the inhibitory process embraces only part of 


* Sometimes, as has been said, at descends to the subcortical 
structures. 
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the cerebral cortex, you will have partial sleep—the state 
usually called hypnasis.’’* 

However, as the transition of the nerve cell from the 
state of normal excitation to that of complete inhibition 
was studied in greater detail, it became clear that inhibi- 
tion could be partial also in another sense. The intermed- 
iate stages on the way of development of inhibition were 
investigated. It was these stages or “hypnotic phases” that 
proved especially characteristic of the state of hypnosis, 
In the ‘Lectures on the Work of the Cerebral Hemi- 
spheres” Pavlov, following the description of the different 
hypnotic phases (paradoxical, equalisation, ultraparadoxic- 
al, hypnotic) said: “It can hardly be doubted that the states 
of the hemispheres described in this lecture are what is 
known as hypnosis in its different stages and features,”++ 

As is well known, the main, central phenomenon of hyp- 
nosis is increased suggestibility. On the basis of his concep- 
tion of the nature of the hypnotic state Pavlov was able 
to give a physiological explanation also of this phenom- 
enon (increase in suggestibility). Here there are two 
mechanisms which differ from onc another but are both 
connected with inhibition. The first of these mechanisms 
is connected with phenomena of negative induction. “Dur- 
ing hypnosis we observe: even in a normal and strong 
cortex a lowered positive tone owing to irradiated inhibi- 
tion. When the word or command of the hypnotist is direct- 
ed to a definite point of such a cortex as a stimulus, the 
latter concentrates the excitalory process in a correspond- 
ing point and is immediately followed by negative induc- 
tion, which, meeting little resistance on its way, spreads 
over the entire cortex; thanks to this, the word or com- 
mand is completely isolated from all influences and be- 
comes an absolute, irresistible stimulus, continuing to oper- 


* 1, P. Pavlov, Complete Works, 2nd Russ. ed., Vol. Il, Book 
2, p. 393. 
** Present edition, p. 146. 
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ate even subsequently, when the individual returns to an 
alert state.’’* 

Pavlov expressed the same idea also in another place: 
“The word of the person who begins hypnotising the given 
subject with a certain degree of inhibition developing in 
the cerebral cortex, concentrating the stimulation in a def- 
inite narrow region, according to the general law, at the 
same time evokes naturally deep external inhibition 
throughout the remaining mass of the hemispheres and 
thus excludes all competing influence of all the other 
present and old traces of stimulations. Hence, the great, 
almost irresistible power of suggestion as a stimulus dur- 
ing hypnosis and after it.”** The other mechanism which 
conditions increased suggestibility during hypnosis is con- 
nected with the peculiarities of the paradoxical phase. 
Pavlov spoke of it as follows: “Suggestion in hypnosis can 
be rightly interpreted as such a phase of inhibition when 
weak conditioned stimuli (words) produce a greater effect 
than the evidently stronger, direct and real external stim- 
uli.”+'* “The fact that the hypnotised subject may be sug- 
gested anything that is contrary to reality and a reaction 
diametrically opposed to the real stimulations—a sweet 
taste instead of a bitter taste, an unusual visual stimula- 
tion instead of a commonplace stimulation, etc., may be 
evoked—can be understood, without stretching the point, 
as the paradoxical phase in the state of the nervous system, 
when weak stimuli produce a greater stimulatory effect 
than do strong stimuli.”!*** 

On the basis of the same general.propositions Pavlov 
also explained the other phenomena ohserved during hyp- 
nosis. He considered catalepsy a result of isolated inhibi- 
tion of the motor area of the cortex, which does not de- 


* Present edition, p. 268-69. 
** Thid, p. 202. 

*** Thid., p. 84-85. 

weet Thid., p, 203. 
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scend to the underlying centres of bodily equilibrium. He 
regards echopraxia of the hypnotised as a manifestation 
of the “imitative reflex ... by means of which complex in- 
dividual and social behaviour is elaborated in all of us dur. 
ing childhood’.* Pavlov connected the performance of 
complex automatic (habitual) actions by the hypnotised 
with the narcotic phase, “when the strong and old reflexes 
persist while the weak and young ones disappear’.*! 

In summary we must say the following. The phenomena 
of hypnosis were well described and systematised even be- 
fore Pavlov, but we did not have any ‘in any way satis- 
factory physiological explanation of these phenomena, 
Their essence appeared unintelligible and mysterious. And 
in this respect the facts and considerations produced by 
Pavlov have made a revolution, have laid the groundwork 
for physiological interpretation of hypnosis and have 
created the prerequisites for its further fruitful study. 


VI 


The ideas about the physiological bases of delirium and 
obsession expressed by I. Pavlov are of great interest, 

Pavlov was impelled to consider these questions by his 
observations of certain disorders which occurred during 
“experimental neurosis” in dogs. Two phenomena in partic- 
ular gave him grounds for comparison. The firsi of these 
is the so-called “pathological point”. What characterises 
it? “With the help of our morbific methods, which make 
the whole cerebral cortex pathological, it is also possible 
to cause a complctely isolated region of the cortex to be- 
come ill. 

“,.. Suppose you have a dog wiih a series of different 
acoustic conditioned stimuli: beats of the metronome, a 
noise, a tone, a crackling or a gurgling sound, etc. From 
all these stimuli it is not difficult to obtain only one which 
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would prove noxious and evoke a sharp deviation from 
the normal.”' This deviation from normal may be mani- 
fested variously: in some cases, in a chronic hypnotic 
state of the pathological point by violation of the 
law of the relationship of forces in it, and in other 
cases, in pathological inertness. The results of “con- 
tact” with the “pathological point” may also differ. “The 
stimulation of the pathological point sometimes remains 
indifferent to the points of other stimuli, and sometimes it 
is impossible to touch this point with its stimulus without 
deranging in one way or another the entire system of re- 
flexes.” ** But, at any rate, we are dealing with a narrowly 
limited section, as though isolated in its pathology from 
the rest of the cortex which reveals no functional disord- 
ers as long as the “pathological point” is not touched. 

Another phenomenon to which we must devote our at- 
tention in connection with the question we are concerned 
with is “‘pathological inertness”. Usually a conditioned 
reflex can be quite easily extinguished or inhibited by an- 
other method (for example, by means of successive inhibi- 
tion), a positive conditioned reflex can be transformed into 
an inhibitory reflex and vice versa. But in some cases a 
conditioned reflex once formed assumes the character of 
pathological stability, cannot be eliminated by any of the 
usual methods and sometimes persists for a number of 
years. As was already mentioned, the disturbances ob- 
served at the “pathological point” may also be manifested 
in the form of pathological inertness. 

This peculiar combination of phenomena, the narrow 
limitation, “isolation” of the pathological focus from the 
rest of the cortex, on the one hand, and the excessive path- 
ological stability of the once emerged reaction, on the other 
hand, served for Pavlov as the point of departure in the 
physiological analysis of certain obsessive phenomena. 
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As a maiter of fact, as has long since been noted ip 
neuropsychiatric literature, obsessive phenomena are not 
infrequently of a nature of peculiar isolation, a separate 
pathological phenomenon, a “pathological point” against 
the background of,.in other respects, unchanged or almost 
unchanged mental activity.’ In particular, this finds its ex. 
pression in that the patient treats his obsession critically, 
understands its pathological nature, but at the same time 
cannot rid himself of it. 

Furthermore, clinical analysis often shows that in a 
number of cases an obsession may arise at first as an un- 
derstandable, to a certain extent grounded, apprehension 
or desire, and assumes a pathological character only in 
virtue of its extraordinary strength. For example, intense 
hand-washing after contact with contagious patients, re- 
peated check-up to make sure that the important docu- 
ments are safe or that a large sum of money is still in the 
pocket, avoidance of a crowd in which the patient experi- 
ences panic and distress—all these may be considered a 
natural reaction. But persistence of such a reaction, when 
it ceases to be justified by external conditions, makes it 
inadequate, unfit for the situation, and the reaction contin- 
ues to exist only because of pathological inertness. Pav- 
lov had the following to say about this: “If stereotypy, 
iteration and perseveration, as is perfectly obvious, have 
their natural origin in the pathological inertness of the ex- 
citatory process of the different motor cells, then obses- 


*" At this point it should be noted that Pavlov draws a clear line 
between obsessive phenomena, as phenomena which may develop 
for most diverse reasons, and psychasthenia, as a special constitu- 
tion of the personality which finds its expression primarily in definite 
traits of character, Obsessive phenomena, as is well known, are 
observed in psychasthenics quite often. But it should be remem- 
bered, firstly, that obsessions are observed not only in psychas- 
thenics and, secondly, that there are, although rarely, psychas- 
thenics with all the charactcrological peculiarities distinctive of this 
type, but without strongly pronounced symptoms of obsession. 
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sional neurosis and paranoia must also have the same 
mechanism. This 1s simply a matter of other cells or of 
groups of cells connected with our sensations and notions. 
Thus, only one series of sensations and notions connected 
with the diseased cells becomes abnormally stable and 
resistant to the inhibitory influence of other numerous sen- 
sations and notions, which to a greater degree conform 
with reality because of the normal state of their cells.’’* 
And in another place: “In compulsive neurosis and para- 
noia we have excessively, illegitimately fixed ideas, feel- 
ings and then actions which do not correspond to the prop- 
er natural and special social relations of man and therefore 
lead him into difficult, distressing, harmful conflicts with 
nature, as well as other men and, primarily, of course, with 
himself. But all this pertains only to the morbid ideas 
and sensations, while outside their sphere the patients 
think and act like quite healthy people and may even be 
higher than average persons.” + 

The aforesaid is also true, in particular, of the obsessive 
fears, phobias, Even in his very early works Pavlov pointed 
out that these phenomena were connected with weakness 
of the nervous system and the resulting tendency to react 
with a passive-defensive reflex. Pavlov wrote that phobias 
might be regarded “as a natural inhibitory symptom of 
the pathologically weakened nervous system”. ** In ac- 
cordance with the views expressed by Pavlov later, phobias 
had to be interpreted not merely as an excessively easily 
arising reaction of fear, but precisely as a pathologically 
consolidated reaction of fear. 

Of course, the idea of obsession, as a phenomenon con- 
ditioned by pathological inertness, must not be applied to 
all its forms without exception. We may also assume the 
existence of other pathogenetic mechanisms (although 
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pathological inertness is apparently the most frequent and 
important of them). Thus “contrasting” thoughts and de- 
sires (for example, a desire to laugh at a funeral, an urge 
to insult a respected person, sacrilegious thoughts of a re- 
ligious person or rudely cynical of a virtuous person) are 
probably physiologically based on the ultraparadoxical 
phase, as we tried to prove in one of our works. Towards 
the end of his life Pavlov himself voiced the assumption 
that bathophobia may, at least in some cases, be conditioned 
by pathological lability of inhibition, The reason for this 
conclusion was M. Petrova’s observation of a dog which 
after excessive strain of the inhibitory process began to 
avoid approaching the edge of the Stair-well. Pavlov ex- 
plained this phenomenon by the fact that a normal animal 
in dangerous proximily to the edge of a stair must inhibit 
the movements which might result in its fall, This type of 
inhibition became extremely difficult to M. Petrova’s dog 
and the animal therefore began to avoid situations connect- 
ed with the necessity of exercising such inhibitory reac- 
tions. Later Petrova! herself explained this case different- 
ly on the basis of her subsequent observations, but this in 
no way diminished the fundamental importance of Pav- 
lov’s suggestions of the heterogencity of the pathogenic 
mechanisms of obsession. 

The very difficult and many-sided problem of delirium 
was treated by Pavlov only partly. In the first place his 
attenlion was attracted by the two peculiarities already 
mentioned above in connection with the phenomena of ob- 
session: stability of the pathological phenomenon and its 
relative “isolation” from the other mental processes. This 
is why Pavlov considered precisely the delirium of the 
paranoiac especially convenient for physiological analysis. 
“As is known, paranoia is characterised by the fact that 


* M. Petrova, The Role of the Functionally Weakened Cerebral 
Cortex in the Origut of Various Pathological Processes in the Organ- 
ism, Medgiz Publishing Ilouse, 1946. 
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a mentally normal person, who, like all healthy people, 
reckons with logic and reality, and sometimes may even be 
gifted, as soon as it comes to one definite subject, distinct- 
ly turns into a lunatic, acknowledging neither logic, nor 
reality. It seems to me that this form can be understood 
on the basis of our laboratory findings relating to isolated 
disorders of separate points in the cerebral cortex,”* Pav- 
lov connected the stability of paranoid delirium, its inac- 
cessibility to logical influence and the impossibility of dis- 
suading the patient with phenomena of pathological inert- 
ness, the presence of a focus of excitation which stubborn- 
ly resists inhibition. 

Thus the two basic pathophysiological mechanisms men- 
tioned in the analysis of obsessive phenomena (isolated 
“pathological point” and pathological inertness) were also 
used in the explanation of certain aspects of paranoid de- 
lirium. This is why Pavlov often referred to these two 
pathological phenomena simultaneously. 

The cardinal difference between obsessive phenomena 
and delirium—the presence of a critical attitude in the 
former case—Pavlov ascribed to the relationship of forces. 
“As for the other sign of difference between the two forms 
in question (absence of critical attitude to the pathological 
symptom in paranoia and its presence in the compulsive 
states), it must naturally be reduced to the difference in in- 
tensity of pathological inertness. As the aforesaid indicates, 
the strong type must have considerable pathological inert- 
ness of the excitatory process and this will naturally be 
connected with greater independence and even its invul- 
nerability to the influence of the healthy regions of the 
cortex, which physiologically conditions the absence of a 
critical attitude. Besides, it is probable that the inert ex- 
citatory process of considerable intensity must produce on 
the periphery, on the basis of the law of negative induction, 
strong and widespread inhibition, which must again lead 
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to the same result, i.e., exclusion of the influence of the 
rest of the cerebral cortex on it.’”* 

It is perfectly clear that, proceeding from such proposi- 
tions Pavlov concurred in the opinion of the psychiatrists 
who hold that obsessive and delirious ideas are related and 
that the former may develop into the latter. It should be 
noted that delirium is not a homogeneous phenomenon. In 
analysing patients Pavlov repeatedly pointed out that deli- 
rium may have a different origin in different diseases. The 
afore-mentioned physiological analysis applies mainly to 
delirium in paranoia and the related forms of psychogenic 
reactive formation of delirium. 

Another phenomenon that attracted Pavlov’s attention 
and was closely connected with the problem of delirium is 
the so-called inversion. It consists, as is well known, in the 
fact that some mental contents seem to transform into 
their opposites: a girl proud of her virtue begins to believe 
herself pregnant, a scrupulously honest employee sudden- 
ly begins to think that the people around him suspect him 
of theft or that he has really stollen something. Such phe- 
nomena have long since been described in psychiatric liter- 
ature, but their nature remained entirely unintelligible. 
Pavlov has convincingly shown that inversion is connected 
with the ultraparadoxical phase during which inhibitory 
stimuli acquire the properties of positive stimuli and vice 
versa. The pages devoted to this question are a brilliant 
example of a simultaneously physiological and psycho- 
pathological analysis. 


VII 


The methods of investigating higher nervous activity 
elaborated by Pavlov have made it possible to study the 
influence of a number of medicinal substances on the brain 
so thoroughly as was theretofore impossible. Numerous 


Present edition, p. 320. 


450 


studies have thrown light on the mechanism of action of 
bromides, caffeine, lummal, chloral hydrate, alcohol and 
many other substances. It would be out of place to dwell 
on these in detail. We shall confine ourselves to a few 
examples. 

Bromides have been used in the clinic for the treatment 
of neurotic states for a period of several decades, This 
medicine has also proved very effective in the treatment of 
experimental neuroses. Here, in the laboratories super- 
vised by Pavlov and by his fine methods we obtained the 
information which has shown how little we, clinicians, 
really knew about the mechanism of action of this popular 
drug. It has developed that bromides do not in any way 
diminish excitability or weaken the stimulatory process, 
as was generally believed, but intensify the inhibitory proc- 
ess, and the inhibitory process favours restoration of the 
energy of the cell. That is why, after administration of 
bromides, the positive reflexes sometimes also increase in 
addition to intensification of the inhibitory reflexes—a fact 
absolutely unintelligible from the old point of view. This 
effect of bromides favouring restoration of the efficiency 
of the cell came in some cases very distinctly to the fore. 
Thus, for example, Pavlov reported about a certain cas- 
trated animal: “‘During the usual daily work the condi- 
tioned reflexes were chaotic. Three-day intervals between 
the experiments-conditioned an entirely normal functioning 
of the reflexes. ... Administration of bromides restored and 
retained normal activity also during the daily experiments.”* 
Thus administration of bromides ensures restoration of 
such efficiency of the nerve cells in the course of one day 
as formerly required, without the bromides, three days. 

As regards the effect of ethyl alcohol on the central 
nervous system the opinion was often expressed that, like 
many narcotics of the fatty series, it produced excitation 
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which was then replaced with inhibition. The possibility of 
isolated study of excitation and various forms of inhibition 
by the method of conditioned reflexes has revealed a dif- 
ferent state of affairs. It has’ developed that the phenomena 
of excitation observed during the initial stage of the effect 
of alcohol are in no way a result of an intensified excita- 
tory process, but are conditioned by weakened internal in- 
hibition. Owing to this the usual equilibrium between the 
excitatory and inhibitory processes is disturbed in favour 
of the former. In this respect ethyl alcohol fundamentally 
differs from caffeine and phenamine (amphetamine) which 
are true stimulants of the excitatory process. The func- 
tional weakening of the nervous system noted at a later 
stage in the action of alcohol is not true inhibition, but a 
result of weakened excitation. Thus it.was learned that 
alcohol paralyses both basic nervous processes, but excita- 
tion is paralysed first and inhibition (internal) afterwards.’ 

The foregoing has made it clear that the apparent “hyp- 
notic” effect of different drugs is also not homogeneous. 
It is necessary to draw a line between the true hypnotic 
effect connected with primary intensification of inhibition 
and the states conditioned by a weakening of the excita- 
tory process, which states are in their physiological nature 
different varieties of narcosis. 

The investigations of Pavlov’s school made it necessary 
to re-examine the question of dosing medicinal substances. 
The very first studies of bromides showed that, to obtain 
the desirable effect, the dose of the particular substance 
had to be altered within the range of several milligrammes 
to several grammes per dose. Later it was found that the 
proposition concerning the enormous variability of doses 
in that case was also applicable to other drugs. It was also 
possible to discover the factor on which such variability 
of the reaction to different amounts of the drug depended. 
It turned out that the decisive role was played by the 
strength of the nervous system, the strength of excitatory 
and inhibitory processes, to be exact (it should be remem- 
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bered that in an unbalanced type one of these processes 
may be strong and the other—weak). The stronger the 
nervous system as a whole, or the particular process, the 
greater must be the dose of the drug, and the weaker they 
are, the less of the medicinal substance it takes to produce 
its characteristic effect, At the same time it should be noted 
that weakness of the nervous system may be not only a 
rather constant peculiarity of the given animal, but may 
also be conditioned by temporary weakness caused by dis- 
ease, exhaustion, etc. In such cases, as the patient recovers 
and the nervous system concurrently grows stronger, the 
dose of the drug must be progressively increased. 


Vill 


Pavlov’s works also touched upon other questions 
which are of great interest to the psychiatrist: effects of 
castration and aging on higher nervous activity, circularity 
of nervous activily as a result of disturbed relations he- 
tween excitation and inhibition, relation of this circularity 
to manic-depressive psychosis, etc. We are in no position 
to treat of these questions here in detail. 

We think that the aforesaid already suffices to show the 
tremendous contribution made by Pavlov to psychiatry, the 
great impulse he imparted to the development of this 
science. 

We have confined ourselves mainly to exposition only of 
Pavlov’s own thoughts. The ideas expressed by him have 
served as an impetus to numerous investigations conducted 
in different parts of the Soviet Union. The information ob- 
tained confirms the correctness of the conceptions ad- 
vanced by Pavlov and contains their further development. 

A systematic review of these works is outside the aims 
of this article and must form the subject of a special re- 
port. 


PAVLOVIAN CONCEPTION OF SCITIZOPHRENIA 
By Professor L. Rokhlin, 
Doctor of Scrence im Medieme 


Greatly interested in the study of psychiatry from the 
point of view of his teaching on higher nervous activity 
Pavlov naturally devoted considerable attention to the 
problem of schizophrenia which, as is well known, is the 
inost widespread and severest mental disease. It is pre- 
cisely in the observations of schizophrenics during his first 
visits to the psychiatric hospital at the Station of Udel- 
naya, near Leningrad, in 1918 that Pavlov saw “excellent 
demonstrations of points more or less explained in physiol- 
ogy...”, and that “new aspects of the work ol the brain 
were brought ta light, new questions and unusual problems 
for laboratory investigation arose...”. Pavlov summed up 
his observations in the article “Psychiatry as an Auxiliary 
to the Physiology of the Cerebral Hemispheres”', which is 
devoted to a physiological analysis of certain symptoms of 
the catatonic form of schizophrenia and which already 
contains outlines of Pavlov’s pathophysiological interpre- 
tation of schizophrenia. Pavlov showed the same special 
interest in schizophrenia during his second “excursion” into 
psychiatry in 1929, when he resumed his observations of 
mental patients and regularly visited the psychiatric clinic, 
supervised by Professor P. Ostankov and located in the 
I, Balinsky Psychiatric Hospital in Leningrad. 
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As V. Fyodorov'! points out, in accordance with Pav- 
lov's wish, during the initial period of his visits to the 
clinic only schizophrenic patients were demonstrated to 
him and were analysed jointly with him clinically and 
physiologically. These visits resulted in a new article which 
Pavlov entitled ‘An Attempt of a Physiologist to Digress 
into the Domain of Psychiatry’’*-; this article is also com- 
pletely devoted to schizophrenia. In it Pavlov gives a more 
comprehensive physiological analysis of the catatonic form 
of schizophrenia and sets forth in detail his views of the 
pathophysiological bases of this disease. 

In many of his other works Pavlov also repeatedly comes 
back to the physiological mterpretation of the clinical 
manifestations of schizophrenia. These separate statements 
made by Pavlov are very valuable for a better understand- 
ing of his general conception of schizophrenia. His state- 
ments made at conferences of the collaborators of the labo- 
ratories and clinics supervised by him are also useful for 
a fuller understanding of his ideas of schizophrenia. These 
statements published in the form of protocols and short- 
hand records (Pavlovian Wednesdays, Moscow and Lenin- 
grad, 1949, Vols. I-III) conta many of his very interest- 
ing considerations on various questions of the clinical as- 
pects and pathophysiology of schizophrenia. In a number 
of cases the latter are not firmly established scientific prop- 
ositions or conclusions of finished scientific research, but 
are rather bold scientific conjectures, preliminary scientific 
hypotheses, thoughts and ideas on some particular ques- 
tion. However, their examination as a whole takes us, as 
it were, into the laboratory of Pavlovian thoughts and 
enables us to trace the sources and development of his 
conception of schizophrenia. 

If we were to sum up briefly what Pavlov contributed 
to the teaching on schizophrenia by his investigations, we 

* V. Fyodorov, “I. Pavlov’s Visits to the Psychiatric Clinic in 
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should note, firstly, that Pavlov developed a harmonious 
theory of the general pathophysiology of schizophrenia and 
established a number of general regularities of the changes 
in higher nervous activity underlying the psychopatho- 
logical phenomena observed in schizophrenia, secondly, 
that he gave an exhaustive pathophysiological explana- 
tion of the various psychopathological symptoms encount- 
ered in schizophrenia and, thirdly, that he furnished a deep 
pathophysiological substantiation of the therapy and regi- 
men for schizophrenics. We Shall consider each of these 
contributions separately. 


1 


To form a correct understanding of Pavlov’s conception 
of schizophrenia, we must bear in mind the basic regulari- 
ties established by him and underlying the pathology of 
the activity of the cerebral hemispheres. This pathology is 
conditioned by a number of factors and has different forms 
of physiological expression. It is primarily disturbances in 
strength, balance and mobility of the basic nervous proc- 
esses—excitation and inhibition—produced by different 
causes. Of particular importance here is the inhibition de- 
veloping in the cerebral hemisphcres, its hypnotic phases 
and its protective role. A no less severe form of pathology 
emerging under the influence of different harmful factors 
is the disturbance in the concerted activity of the various 
parts of the brain, including the signalling systems. To get 
a better insight into Pavlov’s views on this question, we 
must remember his interpretation of the interrelations be- 
tween the cerebral cortex and the subcortical structures, 
as well as his physiological characterisation of the first and 
second signalling systems and their interaction. Lastly, for 
a complete evaluation of the pathology of higher nervous 
activity of the cerebral hemispheres we must take into 
consideration Pavlov’s teaching on isolated pathological 
points conceived in a physiological and not an anatomical 
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sense. The possibility of selective disorders of the various 
physiological functions and the role of such disorders in 
the disintegration of higher nervous activity as a whole, 
completely explained in Pavlov’s teaching on the “patho- 
logical points”, must also always be taken into account in 
the analysis of a particular pathology of the cerebral hemi- 
spheres. As was already pointed out, Paviov’s special 
works devoted to schizophrenia analysed physiologically 
mainly the catatonic manifestations of schizophrenia. In 
his very first work entitled “Psychiatry as an Auxiliary to 
the Physiology of the Cerebral Hemispheres”, Pavlov ar- 
rived at the conclusion, by analysing two patients in cata- 
tonic stupor with catalepsy in one case and tonic reflexes 
in the other, that the pathological symptoms observed in 
these patients are based on “an isolated depression only 
of the motor area of the cerebral cortex” also known in 
other states in man and animals. On the basis of his obser- 
vations of hypnosis and of his experimental studies of this 
phenomenon on his laboratory animals Pavlov drew an 
analogy between hypnosis and the pathological symptoms 
in the two schizophrenics described by him. He regarded 
hypnosis as partial, selective inhibition of individual sec- 
tions of the cerebral hemispheres. In his second work en- 
titled “An Attempt of a Physiologist to Digress into the 
Domain of Psychiatry’ Pavlov wrote very definitely: 
“’,.one can hardly doubt that schizophrenia, in certain of 
its variations and phases, is actually a chronic hypnosis,”* 
In the same work Pavlov strove to find out the causes of the 
aforesaid chronic hypnotic states in schizophrenia. He 
wrote: “In the final analysis, of course, this hypnosis is pro- 
foundly based on the weak nervous system, and especially 
the weakness of the cortical cells. For this weakness vari- 
ous causes, both hereditary and acquired, may be respons- 
ible.’*" In this article Pavlov did not dwell on these 
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factors but studied in detail the consequences of this spe- 
cial weakness, fragility, frailty of the nervous apparatus 
of schizophrenic patients. According to Pavlov, the weak- 
ness of the nervous system is directly responsible for the 
low efficiency, Jow endurance and rapid exhaustion of the 
nerve cells of the cerebral hemispheres. He said: “... nat- 
urally, when such a nervous system encounters difficul- 
ties, more often in a critical physiological and social period 
of life, it inevitably becomes cxhausted after excessive ex- 
citation. But exhaustion is one of the chicf physiological 
impulses for the appearance of inhibition in the capacity 
of a protective process.” * Paviov’s foregoing statements 
show that he regards the hypnotic states in schizophren- 
ics as an expression of the protective mechanisms of the 
nervous system, as a manifestation of the protective func- 
tion of inhibition. Here he formulated for the first time his 
proposition on the protective role of inhibition. 

Thus, a special weakness of the nerve cells in the cere- 
bral hemispheres and their tendency to lapse by virtue of 
this into inhibitory states are characteristic of schizophren- 
ics. These inhihitory slates play the role of a protective 
mechanism. 

We have already mentioned that Pavlov left open the 
question of the causes of the aforesaid weakness of the 
nerve cells in schizophrenics, It should be observed, how- 
ever, that he made certain assumplLions, even if very cau- 
tious ones, on this question just the same, He touched upon 
this question in his very first article on schizophrenia 
“Psychiatry as an Auxiliary to the Physiology of the Cere- 
bral Hemispheres”. It should be noted that in several of 
his hypotheses of the harmful factors likely to produce 
weakness of the nerve cells in schizophrenics, as well as 
the necessity for these cells to lapse into a protective in- 
hibitory state, Pavlov voiced the assumption that one of 
these harmful factors may be “ceriain toxic action’. In 
another place he wrote: “IL can be rightfully assumed that 
~"*" Present edition, p. 230. 
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for those representatives of the weak type who end up with 
schizophrenia there are certain specific conditions, such as 
a particularly irregular course of development, or per- 
manent auto-intoxication causing extreme fragility of the 
nervous apparatus.’’* 

For a correct understanding of Pavlov’s pathophysiolog- 
ical views of schizophrenia we must also bear in mind his 
conception of disease as a unity of pathological manifesta- 
tions and physiological protective measures of the organ- 
ism. Pavlov pointed out this dialectical unity by citing 
examples unrelated to mental diseases but having to do 
with the pathology of different internal organs, as for in- 
stance, hypersecretion of gastric juice during stimulation 
of the gastric mucosa with various inadequate chemical 
agents. Pavlov voiced the same idea in his pathophysiolog- 
ical explanation of the various clinical symptoms of 
schizophrenia. Concerning the latter, especially cases of 
catatonia, in which the aforesaid proposition is borne out 
particularly clearly, Pavlov wrote: “Consequently, this 
state is, on the one hand, pathology, since it prevents the 
patient from normal activity, and, on the other hand, ac- 
cording to its mechanism, it is still physiology, a physiolog- 
ical remedy, since it protects the cortical cells from the 
danger of being destroyed asa result of too heavy work.’’** 

We get a more complete picture of the unity of the 
physiological and the pathological, of the teaching on the 
physiological protective symptoms in schizophrenia by 
going deeper into the works of Pavlov and his associates 
on hypnotic inhibition. The variety of pathological mani- 
festations in schizophrenic patients is determined not only 
by the partial, limited diffusion and localisation of inhibi- 
tion defined as hypnotic inhibition, but also by its depth 
and intensity whose physiological characteristics are given 
in Pavlov’s teaching on hypnotic phases. The protective 
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inhibition into which the pathologically weakened cortical 
cells of schizophrenics lapse in response even to adequate 
stimuli, which are customary for a healthy person, has its 
physiological expression precisely in various hypnotic 
phases. fence, the peculiar reaction characteristic of each 
of these phases in the form of different psychopathological 
symptoms typical of schizophrenia. In the work “An At- 
tempt of a Physiologist to Digress into the Domain of 
Psychiatry”, already mentioned before, and in the work 
written jointly with M. Petrova and entitled ‘Physiology 
of the Hypnotic State of the Dog”! Pavlov made a physiol- 
ogical analysis of the phenomena of negativism character- 
istic of schizophrenia and explained them by the presence 
of the ultraparadoxical phase in the patient’s brain. In his 
works published later Pavlov established a similar physio- 
logical mechanism for some forms of delirium observed in 
schizophrenia and ambivalence. Pavlov wrote: ‘“... As 
long as the inhibitory process operates, the cortical cells 
are not gravely damaged, their full return to normal is still 
possible, they can recover from excessive exhaustion and 
their pathological process remains reversible. Using 
modern terminology, it is only a functional disease.” *' This 
Pavlovian proposition brings us to the discussion of the 
very important question of the relations between the func- 
tional and organic factors in schizophrenia. As is well 
known, some psychiatrists regard schizophrenia as a func- 
tional disease which has no organic basis. For example, 
Jung is one of the advocates of this point of view. Refer- 
ring to the fact that during schizophrenic remission the 
dissociated parts of the personality unexpectedly reunite 
“as though nothing had happened”, he arrived at the con- 
clusion that schizophrenia is a purely functional disease. 
According to Jung, the aforesaid reversibility of patholog- 
ical phenomena in schizophrenics is possible precisely 
because “nothing really happens”, since in schizophrenia 
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there is no organic destruction of the personality. 1. Vve- 
densky and A. Asseyeva, Soviet psychiatrists who, among 
the severe chronic cases of schizophrenia studied by them, 
established cases of recovery before death, arrived at an 
analogous conclusion. They wrote: “The schizophrenic 
process, even in its most severe, stable, chronic manifes- 
tations, remains purely dynamic, completely reversible, 
potentially retaining throughout its course the ability of 
reverse development within the limits inaccessible to any, 
truly organic mental disease.’’* 

On the basis of the aforesaid statement made by Pavlov 
that “according to modern terminology, schizophrenia is 
still only a functional disease” should we not assume that 
he, too, like the foregoing authors, denies the organic 
nature of schizophrenia? 

By analysing some of Pavlov’s statements on this ques- 
tion we can very definitely answer it only in the negative. 
Particularly interesting is the fact that Pavlov generally 
rejects the metaphysical contraposition—schizophrenia is 
either a functional or an organic disease—and views the 
relations between the functional and the organic in schizo- 
phrenia in their dialectic complexity. Already in the afore- 
cited quotation we must pay attention to the fact that Pav- 
lov did not write simply that “schizophrenia was a func- 
tional disease”’, but that it “is still a functional disease”. This 
“still” in Pavlov’s statement has a deep meaning and re- 
flects his general views on the relations between the func- 
tional and the organic. In his statement made on one of 
the “Wednesdays” on December 12, 1934 Pavlov said: “I 
assume no difference between the functional and the or- 
ganic, believing that in many cases of functional diseases 
We are as yet unable to detect real changes by modern 
histological methods. Besides, under the prolonged effect 


* T. Vvedensky and A. Asseyeva, “States of Schizophrenics be- 
fore Death and the Problem of Schizophrenic Feeble-Mindedness”. 
Transactions of the Central Institute of Psychiatry, Vol. II, Moscow, 
1941, pp. 57-78. 
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of pathogenic causes a reversible discase may become ir. 
reversible. Hence, it is conceivable that functional diseases 
continuing for a long time become organic, i.e., so gross 
as to effect visible changes in the structure of the patho. 
logical point.’”! 

On the same ‘Wednesday’, comparing paranoia with 
schizophrenia, Pavlov said: “...In the case of paranoia 
you have an affection of a Separate point, maybe a very 
small one, but in schizophrenia you have a massive, gross 
destruction easily discerned by a microbiologist or histol- 
ogist,” and moreover, ‘...here there is really a continu- 
ous chain, from the very weakest functional disease to 
complete destruction of a mass of cortical cells.”!! 

From Pavlov’s afore-cited statements it is clear that he 
was tar from considering schizophrenia a merely function- 
al disease and that it was no accident that in his work “An 
Attempt of a Physiologist to Digress into the Domain of 
Psychiatry”, as we have already observed, he wrote 
«still a tunctional disease. ..”. 

On one of the “Wednesdays” Pavlov himself explained 
how his article “An Attempt of a Physiologist to Digress 
into the Domain of Psychiatry” should be understood. In a 
protocol record of his speech made on the “Wednesday”, 
November 2, 1932 we read: “Pavlov reports about an ar- 
ticle in an American journal under the tille of “‘Schizophre- 
nia—-Chronic Hypnotic State’, in which the author cites 
Pavlov’s article on schizophrenia, Pavlov points out that 
the title is wrong, that he had never called schizophrenia 
‘chronic hypnosis’, because this disease leads to destruc- 
tion of the nervous system, something that never occurs 
in hypnosis. Hypnosis is but a phase, one of the symptoms 
forming part of the picture of schizophrenia.’!7! 


* Pavlovian Wednesdays, Vol. 1, Moscow and Leningrad, 1949, 
p. 600. 
™ hid. 
"it Pavlovian Wednesdays, Vol. I, Moscow and Leningrad, 1949, 
p. 238. . 
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Summing up all the aforesaid as regards Pavlov’s gener- 
al pathophysiological conception of schizophrenia we can 
note the tollowing basic propositions: 

1, Schizophrenics are noted for a special weakness, 
tragility of the cortical cells, their easy exhaustibility and 
tendency to lapse into an inhibitory state with emergence 
of various hypnotic phases. 

2. Hypnotic inhibition in the cerebral cortex of schizo- 
phrenic patients is a protective mechanism because 1t safe- 
guards the nerve cells against organic changes and de- 
struction. 

3. The functional-protective character of hypnotic inhi- 
bilion in schizophrenics determines the unity of the phys- 
iological and the pathological in the clinical manifesta- 
tions of schizophrenia and warrants the assumption that 
they are simultaneously a physiological measure of de- 
fence and psychopathological phenomena. 

4, As regards the functional and organic in schizophre- 
nia we must bear in mind their unity and the transition 
of the functional into the organic at a certain stage in the 
development of the disease, and the existence of a func- 
tional, reversible phase. 

5. Both the weakness of the cortical nerve cells in 
schizophrenic patients and their tendency to lapse into an 
inhibitory state may, according to Pavlov, be conditioned 
by continuous auto-intoxication of a specific character. 


2 


The foregoing analysis of Pavlov’s general pathophysio- 
logical conception of schizophrenia enables us to get a 
better insight into the physiological mechanisms of its var- 
ious psychopathological symptoms established by Pavlov. 
Schizophrenia has, as is well known, numerous and diverse 
symptoms, and yet we can distinguish certain basic pat- 
terns and regularities whose development constitutes its 
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specific clinical manifestations. On the one hand, schizo- 
phrenics become reticent and accessible, shut them- 
selves off from the real external world which they perceive 
in a special manner and sink into a fanciful inner world of 
their morbid experiences, and on the other hand, there is 
a sharp disturbance in the relationships between their 
feelings, thoughts and actions. They lose what is called the 
integrity of personality. Their behaviour is therefore often 
incomprehensible. Many psychiatrists reduce the sympto- 
matological manifestations of schizophrenia to the follow- 
ing, in some measure common, denominator which charac- 
terises the clinical syniptoms of the patients. S. Korsakov, 
outstanding Russian psychiatrist, who at the end of the 
nineteenth century described an analogue of acute schizo- 
phrenia under the designation of dysnoia, and the Swiss 
psychiatrist Bleuler, who proposed the term schizophre- 
nia, essentially implied the same: a split personality as the 
most characteristic of this disease. The French psychia- 
tris. Chaslin and the Viennese psychiatrist Stransky 
meant the same thing when the former wrote about dis- 
cordant psychoses and the latter spoke of intrapsychic 
ataxia, as the main [actors in the psychopathology of these 
patients, It is natural that in characterising the various 
symptoms of schizophrenia physiologically Pavlov could 
not but dwell on such important signs of the split person- 
ality in these patients as autism and disturbances in 
thought and speech. 

Of considerable interest is the fact that in his statements, 
in addition to the physiological interpretation of the phe- 
nomena of autism, Pavlov also gives its clinical definition 
and points out its different subtypes. In the record of Pav- 
lov’s statement on the “Wednesday”, February 18, 1931 
we read: “Pavlov has familiarised himself with Bleuler’s 
work on autistic thinking and finds a contradiction in the 
author’s assertions, in that, on the one hand, autistic think- 
ing is guided mainly by feelings and, on the other hand, 
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that sensual dullness is characteristic of schizophrenia, On 
ithe basis of this work Pavlov arrived at the conclusion that 
any thinking that does not correspond to reality and is 
abstracted from tcality is autistic” (italicised by author). 
Reproaching the psychiatrists for ther use of the term 
autism without considering its multiform meaning Pavlov 
suggested, on the “Wednesday”, February 10, 1932, the 
necessity for differentiating this idea. He said: “Autism is 
peculiar to phlegmatics who waste no energy on associat- 
ing with those around them, but, immersed in themselves, 
do their work. Autism is observed in weak types who are 
inhibited by the environment and who, out of fear, cannot 
make contact with those around them. Lastly autism is 
found in schizophrenics during destruction of cortical 
cells, when the excitation effected by this exceeds the ex- 
ternal stimuli.”! Pavlov repeatedly speaks about destruc- 
tion of nerve cells and the existence, in connection with 
this, of stronger internal stimulation. 

Of no lesser interest are Pavlov’s statements on so 
characteristic a symptom of schizophrenia as ataxia, and 
dissociation of thought, speech and behaviour. When Pav- 
lov was shown on one of the “Wednesdays” a schizophien- 
ic who in the toilet defecated into his hand and then 
threw the feces into a pot, Pavlov said that this made him 
think of dissociation, “severance” of the cerebral hemi- 
spheres, owing to which the different acts of behaviour were 
separated. Pavlov also saw a physiological basis for the 
dissociation of thought and speech in schizophrenic pa- 
tients in the existence of limited pathological points in the 
cerebral cortex. He said that with an increase in the num- 
ber of such weakened pathological points in the cortex 
“disintegration of the cerebral cortex and the split in the 
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normal coherent work of the cerebral hemispheres also 
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increased”.* Pavlov gave an extremely colourful descrip. 
tion of the dissociation of speech in one of the schizophren- 
ics shown to him. He said: “His speech is dissipated be- 
cause there are already pathological points in the cortex, 
owing to which the thoughts wander and change abnor- 
mally from one to another.” ! * 

Pavlov made a complete physiological analysis of the 
catatonic phenomena in schizophrenics. He regarded a 
number of catatonic symptoms as conditioned by inhibi. 
tion of various parts of the cerebral cortex in the patients 
and the loss of their proper physiological functions. Such, 
for example, is the catatonic stupor, total immobilisation 
of the patient, which is caused by selective inhibition of 
the nerve cells of the motor analyser distributed in vari. 
ous parts of the brain. Such a catatonic symptom as mut- 
ism is physiologically based, according to Pavlov, on se- 
lective inhibition of the part of the motor analyser which 
ig connected with the function of speech. 

Pavlov explained some catatonic symptoms by a special 
mode of cerebral reaction connected with the presence of 
various hypnotic phases at some points of the brain. From 
this angle he thoroughly analysed so important a cataton- 
ic symptom as negativism, He mentioned the physiolog- 
ical basis of negativism in his article “An Altlempt of a 
Physiologist to Digress into the Domain of Psychiatry”, 
but analysed this psychopathological Symptom in schizo- 
phrenic patients in greater detail in an article written later 
jointly with M. Petrova under the title of ‘‘Physiology of 
the Hypnolic State of the Dog’”’.!"* 

As is well known, in the psychiatric clinic it often hap- 
pens that a schizophrenic patient refuses to eat the food 
he is offered, but when an attempt to take this food away 


* Pavlovian Wednesdays, Vol. I, Moscow and Leningrad, 1949, 
p. 24. 
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is made he does not give it up and eats it right there and 
then. This is one of the examples of unmotivated counter- 
action to any instruction coming from without, which 1s 
defined in the psychiatric clinic as negativism. Pavlov and 
Petrova jointly observed analogous behaviour in one of 
the experimental dogs in which the experimenters induced 
a hypnotic state. The dog turned away from the food of- 
fered to it in the feeding box and reached for the feed- 
ing box when the food was being taken away. Pavlov ex- 
plained this behaviour of the dog as follows. The phenom- 
ena of negativism in the dog have two phases: the first 
phase—the dog turns away from the feeding box with the 
food, and the second phase—the dog reaches for the feed- 
ing box as it is being taken away. In the first phase the 
conditioned stimulus—the sight of the feeding box— 
reaches through the normally functioning part of the cor- 
tex (visual analyser) the point in the motor area of the 
cerebral cortex whose excitation normally evokes a move- 
ment towards the feeding box. But this point is weakened, 
it is in a state of lowered efficiency and therefore reacts 
to the conditioned stimulus which is beyond its strength 
unnaturally—not by excitation but by inhibition (ultrapar- 
adoxical phase). Therefore, the movement towards 
the feeding box does not take place. At the same time 
the conjugate centre of opposite movement, away from 
the feeding box, is excited by way Of positive induc- 
tion. 

But when the feeding box is being removed, the former- 
ly inhibited part of the brain with which the unperformed 
movements towards the feeding box are connected, is now 
excited by way of consecutive induction. Contrariwise, the 
excited point with which the movement away from the 
feeding box is connected is now inhibited. As a result, the 
dog moves towards the feeding box which is being taken 
away. 

Thus the phenomenon of active negativism is in this ex- 
periment physiologically explained by the presence of the 
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hypnotic phase (ultraparadoxical) at a definite point of the 
motor analyser of the brain and mutual induction of this 
point and the conjugate point of movement in the opposite 
direction. Schizophrenic paticnts have the same physiolog- 
ical mechanism in their symptoms of negativism. But, to 
explain a number of catatonic symptoms physiologically, 
Paviov did not confine himself to establishing the presence 
of a selective hypnotic inhibition in any particular phase: 
he also elucidated the question of how this inhibition af. 
fected the interrelations of the different parts of the brain, 
the cortex and subcortical structures in particular, In his 
very first work devoted to schizophrenia and entitled 
“Psychiatry as an Auxiliary to the Physiology of the Cere- 
bral Hemispheres” he explained phenomena of catalepsy— 
flexibilitas cerea, tonic reflexes, by disinhibition of the 
normally depressed brain stem reflex of equilibration. Ac- 
cording to Pavlov, the high level of excitation of the brain 
stem centre of this reflex in schizophrenic patients is con- 
ditioned by its positive induction caused by inhibition of 
the cortex. In his second work devoted to schizophrenia 
under the title of “An Attempt of a Physiologist to Digress 
into the Domain of Psychiatry” Pavlov applied the same 
principle of physiological interpretation to phenomena of 
hebephrenic foolishness and catatonic excitement. Accord- 
ing to Pavlov, “these manifestations result from a develop- 
ing general inhibition of the cerebral hemispheres; due to 
this the adjacent subcortex is not only liberated from con- 
stant control, from constant inhibition effected by the cer- 
ebral hemispheres in an alert state, but, because of the 
mechanism of positive induction, is even brought to a state 
of chaotic excitation affecting all its centres’.' When in- 
hibition in schizophrenic patients embraces the cerebral 
cortex to the exient that it eliminates the complex forms 
of behaviour acquired during the lifetime, the mechanisms 
of imitating the movements (echopraxia) and repeating the 
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words (echolalia) of other persons, which are characteris- 
tic of the early stages of development easily come into 
play. 

As for the pattern characteristic of the catatonic form 
of schizophrenia and expressed in prolonged and monoto- 
nous movements repeated without any necessity, it is in 
large measure due to the fact that these movements are not 
opposed by the activity of the other points of the inhibited 
motor analyser. 

We have elucidated in detail Pavlov’s physiological in- 
terpretation of the various psychopathological symptoms 
in the catatonic form of schizophrenia. These symptoms 
belong to the field of pathology of the motor analyser, pa- 
thology of the motor sphere. But Pavlov also gave a 
physiological explanation of the various forms of delirium 
in schizophrenics. Here we must primarily note his state- 
ments on the pathophysiological bases of inverted delirium 
characteristic of schizophrenia. In his letter to the well- 
known French psychiatrist Pierre Janet published in the 
form of an article entitled ‘Feelings of Possession (les sen- 
timents d’emprise) and the Ultraparadoxical Phase”,* Pav- 
lov analyses at length the physiological mechanism of this 
form of delirium. The latter is characterised by the fact 
that the patient’s delirious judgements very clearly reveal 
the contrast between these judgements of reality and the 
patient’s desire. In this case it is very important that the 
patient disowns his personal shortcomings and ascribes 
them to other people. To lay bare the physiological mecha- 
nism of this delirium, Pavlov at first dwells on the regular- 
ities of judgement in healthy people, He writes: “Our gen- 
eral notion (category) of contraposition is one of the fun- 
damental and indispensable general notions, which, along 
with all others, facilitates and controls normal thinking 
and even makes it possible.”** In delirium this category of 


* Present edition, p. 303. 
+* Thid., p. 305. 


469 


contraposition necessary for correct judgement is pervert- 
ed. The correct thought, the positive assertion is inhibit- 
ed, while the opposite, incorrect thought, instead of being 
excluded by comparison, on the contrary, begins to domi. 
nate in the judgement. Thus, what had to be excited is in- 
hibited and what had to be inhibited is excited. And this 
is the form of reaction of the brain which is characteristic 
of the presence of the ultraparadoxical hypnotic phase in 
it. Pavlov sees the physiological mechanism of the delirium 
of inversion, like that of the other forms of paranoid de- 
lirium, in the ultraparadoxical phase. According to Pavlov, 
the same physiological mechanism of the ultraparadoxical 
hypnotic phase is the basis of so characteristic a disorder 
of the schizophrenic patient’s thinking as its ambivalence. 
Here, too, there is a disturbance in the category of contra- 
position which is a necessary condition of the healthy per- 
son’s thinking. The simultaneous existence of two contrary, 
mutually exclusive thoughts, or their alternation within the 
framework of a single judgement, characterising the ambiv- 
alence of schizophrenic patients’ thinking becomes physio- 
logically intelligible if we bear in mind the ultraparadoxical 
reaction and reciprocal induction of those physiologically 
conceived points of the brain with which the contrasting 
ideas are connected. 

In concluding this part of the article I must very briefly 
dwell on Pavlov’s physiological explanation of the various 
psychopathological phenomena of such a_ physiological 
mechanism as the pathological inertness of the process 
of excilation in isolated pathological points of the brain. 
Concerning Pavlov's physiological interpretation of pat- 
terns we have already pointed out that the possibility of 
protracted repetition of the same unmotivated movements, 
such as stereotypy is, must be explained by the absence of 
counteracting Sections of excitation in the cerebral cortex 
due to its inhibited state. Owing to the latter, inert excita- 
tion develops by way of positive induction in a particular 
part of the brain and continuous stereotypical movement 
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arises. But pathology of the mobility of the nervous proc- 
esses in the form of inertness of excitation in the various 
isolated pathological points of the brain may also underlie 
certain disorders of schizophrenic patients’ thinking. It is 
to this that Pavlov’s article “Attempt at a Physiological 
Interpretation of Compulsive Neurosis and Paranoia’ 1s 
devoted. True, this article deals not with schizophrenia but 
with psychogenic diseases, such as paranoia and the neu- 
roses, but paranoid delirium and obsessions are also ob- 
served in schizophrenics, and Pavlov’s physiological views 
of these psychopathological phenomena therefore deserve 
our attention. It should also be noted that ‘iin this article 
Pavlov treats in greater detail the physiological mecha- 
nisms of delirium in general and the ideal-verbal auto- 
matisms described by the Russian scientist V. Kandinsky 
and the French scientist Clérambault. 

Concentration of delirious judgements around some 
basic idea and the presence of a definite system, a united, 
internally coherent delirious conception, are characteristic 
of paranoid delirium. Outside of this delirious system the 
patient’s judgements are correct and logical. But the delir- 
ious system itself, isolated from logic, is characterised by 
special stubbornness and power and is, as a rule, affectively 
charged, is real for the patient and determines all of the 
patient’s behaviour. In schizophrenics this paranoid delir- 
ium rarely persists throughout the disease; it is for the 
most part only a stage in the course of paranoid schizo- 
phrenia and has a number of clinical peculiarities. It is not 
the aim of this article to elucidate these clinical peculiari- 
ties, and we shall therefore refrain from dealing with this 
question. We shall only note that it is precisely the system- 
atic character of the delirium, its concentration on the 
same definite ideas, its particular stubbornness and power 
that have enabled Pavlov to interpret this form of delirium 
as a manifestation of pathologically inert excitation in an 
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individual, physiologically conceived, point of the brain. 
But the same mechanism underlies obsessive ideas, and 
Pavlov emphasises in his article the common elements of 
these psychopathological phenomena. It is well known, 
however, that delirium is incompatible with criticism, 
whereas obsessions, on the contrary, involve a critical at. 
tilude towards them. Pavlov saw the physiological basis 
for these differences in the different power and different 
degree of concentration of the pathologically inert excita- 
tion. In delirium the strength and concentration of inert 
excitation are particularly great, and strong inhibition 
therefore cmerges around the pathological point of the 
brain. Owing to this the activity of the brain, with which 
sound ideas contrary to the delirious thoughts might be 
connected, is depressed. During obsessive states the pow- 
er and concentration of inert excitation at the patholog- 
ical point of the brain are weaker, and this is why the 
patients retain a critical attitude towards their disease. 
The excitatory process outside of the pathological point of 
these patients is strong enough for ideas opposed to the 
obsessive thoughts to arise. And yet it is not strong enough 
to inhibit the obsessive thoughts and the feelings and de- 
sires connected with them. 

We have elucidated the physiological mechanisms estab- 
lished by Pavlov for paranoid delirium, but we must 
remember that he admitted the possibility of participation 
of both afore-mentioned mechanisms, i.e., the ultrapar- 
adoxical phase and pathologically inert excitation in the 
isolated pathological point in the formation of delusion. 
This is what he wrote in reference to this: “... Delusion is 
based on two physiological phenomena—pathological in- 
ertness and the ultraparadoxical phase, now existing sepa- 
rately, now appearing together, and now replacing each 
other,’’* 

As for Pavlov’s interpretation of the Kandinsky-Cléram- 


* Present edition, p. 323. 


473 


bault syndrome we shall take the liberty of quoting his 
statement in the same article. He wrote: ‘‘What else can 
we interpret as mental automatism, but the point of a cer- 
tain pathologically inert excitatory process about which all 
that is close, similar and related concentrates (on the basis 
of the law of generalisation) and from which everything 
that is alien is repulsed, according to the law of negative 
induction?’’* 
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The general physiological conceptions of schizophrenia 
elaborated by Pavlov and his views of the physiological 
mechanisms of its psychopathological symptoms have 
found reflection in the practical questions of diagnosis, 
treatment and service of mental patients. Pavlov repeatedly 
emphasised that he was no clinician and spoke on clinical 
questions with the greatest of caution, It should be noted, 
however, that his statements proved extremely valuable 
and made a considerable contribution to psychiatric prac- 
tice. We shall dwell briefly on some of them and shall 
establish a connection between his physiological views and 
clinical recommendations for diagnosis, treatment and 
service of mental patients. 

Two of Pavlov’s instructions with respect to diagnosis 
deserve attention. The first of them deals with diagnosing 
cases so that the delicate, vulnerable nervous system of 
schizophrenic patients may under no circumstances be hurt. 
When, on one of the “Wednesdays”, December 11,. 1929, 
during examination of a schizophrenic patient, psychia- 
trists began to ask the patient, who before his illness had 
been a man of high culture, a number of extraordinarily 
elementary questions, Pavlov immediately pointed out that 
such questioning of the patient constituted ‘‘a rude slight- 
ing” of the latter. He said: “If the nervous system of such 
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patients were trained mildly and cautiously, their behav- 
iour would approximate to normal.””* 

Pavlov’s second instruction deals with the methods of 
overcoming negativism, particularly mutism in schizo. 
phrenic patients (with catatonic manifestations). Since the 
cerebral cortex of such patients is in a state of protective 
inhibition with various hypnotic phases, and the stimuli of 
average strength are excessively strong for them and evoke 
or deepen this inhibition, Pavlov proposed to question the 
patients, who are in catatonic stupor, in whispers. This 
form of questioning is justified, since it is possible to make 
mute patients answer questions. Pavlov advised that no 
brute force should be used to overcome the motor negativ- 
ism of catatonic patients, but, when necessary, this should 
be done mildly and gradually. Tested in the clinic, this 
Pavlovian instruction also proved useful. 

Particularly valuable is Pavlov’s physiological substan- 
tiation of sleep therapy of schizophrenics. Such treat- 
ment became very popular in the Soviet Union during the 
1930s, soon after the Swiss psychiatrist Cloétta proposed 
for this purpose his mixture of hypnotics and elaborated a 
method of treating schizophrenic patients with prolonged, 
continuous sleep. But we think that the foregoing term 
“sleep therapy” is inaccurate. Il is essentially a question 
not of treating the patients with sleep but of inducing 
narcosis in them for a period of many days. On the basis of 
Pavlov’s physivlogical conceptions regarding schizophrenia 
and his teaching on the protective role of inhibition 
Soviet psychiatrists modified Clottta’s method and began 
to induce such sleep in schizophrenic patients with the 
aid of various hypnotics, as would be closest to physiolog- 
ical sleep. Pavlov manifested great interest in the treatment 
of schizophrenic patients with prolonged sleep. When the 
Moscow psychiatrist M. Sereisky, known for his thera- 
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peutic research, reported to Pavlov the successful results of 
treating one of his patients with sleep, Pavlov immediately 
responded with a letter to Sereisky. Since this letter rather 
fully elucidates Pavlov’s views of this question, we are 
reproducing its text according to the materials of Pavlov’s 
personal archive. 

Pavlov wrote: “I am very grateful to you for the report 
of your case in which schizophrenia was cured and for the 
material which you have sent me in reference to this case, 
as well as your works. I am greatly interested in this case. 
I have discussed it extensively with my collaborators and 
in the psychiatric clinic.' It opens up vast and happy pros- 
pects. If the disease that persisted unchanged for two 
years, yielded so soon, it means that the condition of this 
person’s brain was not irreversible. We can therefore 
have still greater hopes for particular success in fresh 
cases of schizophrenia. In my mind this is connected with 
my first conclusion and conviction that in difficult states 
of a weak nervous system the latter defends itself by in- 
hibition, i.e., suspension of excessively strenuous and 
destructive work. I think that, when the schizophrenic 
exhibits various symptoms of hypnotisation, it is a favour- 
able sign. We must regard this as a useful reaction of the 
organism, the efforts of the organism to fight off the path- 
ological effect of the work produced on the given nerv- 
ous system, and must help it by guaranteeing the patient 
an atmosphere absolutely devoid of stimulation or even 
by inducing pharmaceutical sleep in the patient, as in your 
case, Of course, it would be better, if we could keep the 
patient in a state of chronic hypnosis, as it occurs sponta- 
neously in extreme catatonia. I should be grateful to you for 
keeping me further informed of the condition of your pa- 
tient. I think that even if his pathological condition ever 
returns, the fundamental importance of your case will still 


* Pavlovian Wednesdays, Vol. III, Moscow and Leningrad, 1949, 
p. 121, 


474 


retain its full value. Of course, we could not expect a ten. 
day pharmaceutic sleep to make the patient’s nervoys 
system strong, if it was weak before the disease. In the 
future everything will depend on whether his subsequent 
life’s work will be within his power or excessively stren- 
uous. In the latter case the disease may, of course, return. 

“Please, let me keep the case history another two or 
three days, 

“Sincerely yours, 


I, Pavlov,’”* 


As we see, at the end of his letter Pavlov writes of the 
great importance of the conditions of the patient’s life to 
the successful struggle against mental disease. If it is 
particularly important, as was already noted, to protect the 
weakened nervous system of the schizophrenic patients 
from any traumatising and exhausting influences, it stands 
to reason that a protective, restful regimen must be set up 
in hospitals. Such a regimen is connected with a proper 
distribution of the patients, a quiet, comfortable atmos- 
phere in the psychiatric hospitals, and a considerate and 
tactful treatment of the patients by the medical personnel. 
Already in his work entitled “An Attempt of a Physiologist 
to Digress into the Domain of Psychiatry” published in 
1930, i.e., long before a psychiatric clinic was organised 
in his laboratories, Pavlov had expressed his ideas on a 
number of psychiatric questions of an organisational 
character, particularly as regards the principles of distribut- 
ing mental patients in hospitals. 

He wrote: “To keep patients, already possessing a cer- 
tain degree of self-consciousness, together with other, irre- 
sponsible patients, who may subject them, on the one hand, 


* See “T. P, Paviov’s Manuscripts in the Archive of the U.S.S.R. 
Academy of Sciences”. (Transactions of the Archive, Book 8, No. 48, 
p. 124.) 
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to strong stimulations in the form of screams and extra- 
ordinary scenes, and, on the other hand, to direct violence, 
in most cases, means creating conditions which to a still 
greater extent enfeeble the already weak cortical cells.” 
He continued: “It is necessary as quickly and as timely as 
possible to place such mentally diseased in the position of 
patients suffering from other illnesses.”* 

It should be noted that this advice given by Pavlov be- 
gan to be followed and mental patients were treated with 
neuroleptic agents which considerably altered the general 
atmosphere of psychiatric hospitals and in a number of 
cases eliminated the “strong stimulations in the form of 
screams and extraordinary scenes” pointed out by Pavlov. 

Here il is not out of place to dwell on Pavlov’s general 
pharmacotherapeutic views and analyse, in the light of 
these views, the modern development of the psychophar- 
macological trend in psychiatry and its achievements in 
the treatment of mental diseases, particularly  schizo- 
phrenia. Pavlov’s views on this question may be most 
briefly formulated in the following basic propositions. 

The first of them deals with taking account of the speci- 
ficity of each therapeutic agent. In using various drugs it 
is necessary Lo consider the individual peculiarities of each 
of them. 

Pavlov wrote: “All of pharmacology is based on the 
fact that each agent has its own physiognomy, that each 
of them differs from the next closest agent,” ** 

Modern psychopharmacology uses a great variety of 
medicinal preparations of the phenothiazine series. How- 
ever, the general sedative character of these medicinal 
agents, manifested mainly in elimination or diminution of 
psychomotor excitation, aggressiveness and tenseness of 
mental patients does not do away with the great differ- 


* Present edition, p. 231. 
“* TP. Pavlov, Complete Works, Moscow and Leningrad, 1951, 
Vol. VI, p. 53. 
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ences in the therapeutic effect of the agents forming this 
group despite the very slight differences in their chemica] 
formulas. The following may serve as a vivid example. As 
is well known, the most diverse phenothiazine derivatives 
may, in addition to their indicated general sedative effect, 
completely eliminate or diminish certain psychotic mani- 
festations of schizophrenia except symptoms of depression, 
Moreover, we must also consider the established fact that 
these neuroleptic agents may themselves, when adminis- 
tered for therapeutic purposes, produce complications in 
the form of depression, the so-called chlorpromazine de- 
pression. However, the slightest change in the chemical] 
formula of levoperpromazine, one of the phenothiazine 
preparations, is enough for this preparation to acquire anti- 
depressive properties and to prove effective in the treat- 
ment of schizophrenia with depressive-paranoid manifes- 
tations. 

It should also be noted that tofranil (imipramin), one of 
the best known antidepressive agents today, is very close- 
ly related to phenothiazine in its chemical formula, al- 
though it is not a derivative of the latter. 

The second important principle of pharmacotherapy, ac- 
cording to Pavlov, is analysis of the effect of medicinal 
substances on the basic nervous processes—excitation and 
inhibition. The foregoing pharmacotherapeutic principle is 
known as the “theory of two drives”. After studying the 
effect of bromides and caffeine for many years Pavlov 
named these agents the “two drives’, “two levers’ of the 
main aspects of higher nervous activity—the processes of 
excitation and inhibition. He wrote: “Since we have, so to 
speak, two levers in the form of pharmaceutical remedies, 
two communicators towards the two chief apparatus, Le, 
towards the two processes of nervous activity, then by 
putting into action and correspondingly changing the 
strength now of one, now of the other lever, we have a 
chance of restoring the disturbed processes to their former 
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place, to their proper correlations.”* From this point of 
view we can also examine the modern classifications of 
“psychotropic” agents.** 

Despite the differences in terminology and the particular 
subdivisions in these classifications the psychopharmacoloe- 
ical agents are still divided into two main groups: sedatives 
(having to do with the process of inhibition) and tonics 
(bearing on the process of excitation). The well-known 
Canadian psychiatrist Lehmann divides the psychopharma- 
cological agents he has named “phrenotropic” into agents 
“producing inhibition” and “producing excitation’.--* 

It should be noted, however, that the use of Pavlov’s 
“theory of two drives” requires that the entire complexity 
of the relation of the particular medicinal substance to the 
basic nervous processes—excitation and stimulation— 
should be infallibly taken into consideration. We must re- 
member that this theory holds good only when certain 
conditions are observed. Pavlov proceeded from the as- 
sumption that the given normal physiological state of the 
central nervous system was a resultant of the most diverse 
phenomena of excitation and depression in its various divi- 
sions. He held that any ‘neural agent”, regardless of its 
special action, first of all disturbed this mobile equilibrium, 
and he emphasised the possibility of producing even by op- 
posite groups of substances (exciting and paralysing the 
nervous system) at first a very muddled and uncertain 
picture of general action. He wrote: “It is often extremely 
difficult to get a clear idea of the points of application of 
the action, the mode of action and its development and 
spread.”?**4 This brings us to the basic and most important 


' Present edition, p. 373. 
t! Reference is made to the following classifications: S, Delay, 
N. S. Kline, 5. E. Thuillier, S. B. Wortis. 
+11 H. Lehmann, Psychopharmacology Frontiers, Boston, 1959, 
p. 105. 
+*:! T| PB. Pavlov, Complete Works, Moscow and Leningrad, 1951, 
Vol. I, p. 528. 
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principle (formulated by Pavlov) of administering medici- 
nal substances, which deals with the method of action and 
point of application of these substances. Pavlov described 
this principle in detail m his famous speech at the Fifth 
Pirogov Congress of Physicians in 1894, His speech was 
entitled “On the Inadequacy of the Modern Physiological 
Analysis of the Action of Medicines”. ! 

Noting the reflex mechanism of action of medicinal sub- 
stances Pavlov pointed out in this speech that all three 
Imks of the reflex arc could be the point of application of 
their action: the sensory endings of the afferent nerves, 
the central neural structures (i.e, the brain cells and 
synapses), and the endings of the effector nerves. 

In referring to Pavlov’s general pathophysiological con- 
ceptions of schizophrenia above we have already noted that 
disturbance in the proper induction relations between the 
cerebral cortex and the subcortical structures is of great 
importance in the origin of various clinical manifestations 
of schizophrenia. The important role of the nervous proc- 
esses taking place in the reticular substance (reticuloac- 
tivating system) located on different levels of the brain 
stem has now been revealed by a number of physiological 
investigations (Magoun H., Moruzzi G., Fessard A., Pen- 
field W.). The functional manifestations of this reticular 
formation discovered as far back as 1909 by the well- 
known Russian scientist V. Bekhterev are very important 
for understanding the mechanisms of the therapeutic action 
of neuroleptic agents on schizophrenic patients. Our aim 
does not include consideration of this complex problem as 
a whole since it can be a subject of only a separate, special 
discussion. We shall only dwell on the following question: 
How are we to understand, on the basis of Pavlov’s afore- 
said conceptions of schizophrenia, the sedative (tranquillis- 
ing) ataractic effect of the neuroleptic agents? It should 
be noted that in his interpretations of the relationships 


8] I, Py Pavlov, Complete Works, Moscow and Leningrad, 1951, 
Vol. I, pp. 525-29, 
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between the subcortical structures and the cerebral cortex 
Pavlov brilliantly foresaw the modern physiological con- 
ceptions of the dynamic, tonic, nonspecific impulsation 
running to the cortex from the thalamic reticular formation 
which is very close to the cortex, 

As far back as 1930, in his work entitled “Physiology 
and Pathology of Higher Nervous Activity” Pavlov wrote: 
“ ., The subcortex exerts a positive influence on the cere- 
bral cortex, appearing as the source of tts power..., The 
subcortex is the source of energy* for higher nervous ac- 
tivity, while the cortex plays the role of a regulator with 
reference to this blind power by finely guiding and re- 
straining it.”'* 

But in schizophrenia the tonic impulsation of the cor- 
tex by the subcortical structures indicated by Pavlov may, 
as we have already pointed out, assume a pathological 
character and lead to “violence of the subcortex” and dis- 
integration of cortical activity characteristic of schizo- 
phrenia. 

Taking the foregoing into consideration it may be as- 
sumed that the role of the neuroleptic agents consists pre- 
cisely in that they foster normalisation of the cortico-sub- 
cortical relations. 

However, the neural mechanisms of this normalisation 
are not yet sufficiently clear. Some authors regard the ac- 
tion of the neuroleptic agents as a blocking of the patholog- 
ical nonspecific impulsation which comes from the retic- 
ular formation of the higher parts of the brain stem. Other 
authors hold that it is a matter of direct sedative action 
of these agents on the cortex. 

Of the other factors to be taken into account in analys- 
ing the effect of psychopharmacological agents on schizo- 
phrenic patients in the light of Pavlov’s conceptions it is 


* Ttalicised by author. 
‘ I. P, Pavlov, Complete Works, Moscow and Leningrad, 1951, 
Val. TI, Book 2, pp. 404-05. 
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important to remember his proposition that in prescribing 
medicinal substances it is necessary to consider their doses 
in relation to the therapeutic aims, type of nervous system 
and its functional state at the time of their administration, 
On the one hand, we must take into account the fact that 
the range of doses of the therapeutic preparations being 
administered may be very wide and, on the other hand, 
that even the slightest variations in the size of the doses 
may considerably modify the aclion of the medicinal sub. 
stance. The studies in Pavlov’s laboratories showed that 
the therapeutic doses of bromides varied between 0.00] 
and 8.0, ie, had a 1:8,000 ratio. Of some interest is also 
the fact cited by Pavlov on his “Wednesdays’”’ that the re- 
duction of a certain patient’s dose of bromides only by one 
spoonful a day produced a very tangible salutary effect, 
It should be remembered that, depending on the dose of 
the medicinal substance, the effect of the latter may change 
not only quantitatively but also qualitatively. The emer- 
gence and disappearance of the so-called “neuroleptic syn- 
drome” in schizophrenic patients, depending on the dose 
of chlorpromazine or reserpine, may serve as a_ vivid 
example, 

Pavlov conducted his research in the pathophysiology 
of schizophrenia in the 1920s-1930s. Some physiologists 
and psychiatrists, Pavlov’s pupils and followers, began to 
devclop his main conceptions while he was still alive. Since 
Pavlov’s death (1936) and, especially, in connection with 
the Joint Session of the U.S.S.R. Academy of Sciences and 
the U.S.S.R. Academy of Medical Sciences held in 1950 and 
devoted to Pavlov’s physiological teaching, a considerable 
number of studies has appeared in the field of pathophys- 
iology of schizophrenia based on investigations of these 
patients’ higher nervous activity. 

It is impossible completely to review the aforesaid stud- 
ies within the space of a short article, We shall therefore 
confine ourselves to a brief elucidation of their main and 
most important trends. 
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We shall begin our brief review of these trends with the 
analysis of the works of A. Ivanov-Smolensky, prominent 
Soviet physiologist and psychiatrist, and his collabo- 
rators.” 

Patients with different forms of schizophrenia were 
studied experimentally. This enabled Ivanov-Smolensky to 
formulate his general conception of the pathogenesis and 
therapy of schizophrenia from the pathophysiological point 
of view and produce a pathophysiological substantiation 
of the various symptoms and syndromes observed in 
schizophrenia. Maintaining that it was wrong to ascribe the 
pathogenesis of schizophrenia either to cerebral or somat- 
ic factors alone Ivanov-Smolensky averred that schizophre- 
nia was based on a disturbance in the interrelations be- 
tween the brain and the internal environment of the organ- 
ism, a disturbance in the encephalosomatic relationships. 
Inferior central regulation of the vegetative functions in 
schizophrenic patients elicits vegetative-metabolic disor- 
ders, primarily disorders of protein metabolism, and is re- 
sponsible for the elective neurotropic endointoxication 
which becomes the immediate cause of schizophrenia. 

Under the influence of this intoxication neurodynamic 
changes take place in the brain of the schizophrenic pa- 
tients, pathological disorders closely interweaving with an- 
tagonistic protective tendencies, The protective tendencies 
include, but are apparently far from exhausted by, phenom- 
ena of protective inhibition in the cerebral cortex of dif- 
ferent localisation, intensity and extent, and possibly the 
“vegetative storms” which are observed in the course of 
the disease. 

During the initial stages of the disease the neurodynamic 
changes in the brain of schizophrenic patients are mani- 
fested mainly in phenomena of differently localised inert 
excitation, development of phasic phenomena which are 


* A, G. Ivanov-Smolensky, Essays on the Pathophysiology of 
the Higher Nervous Activity, Moscow, 1954. 
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either of a diffuse or intrastructural character, and a dis- 
turbance of the interaction of the different levels and sys- 
tems of the brain. During later stages which, however, may 
never occur, phenomena of destruction are added to the 
aforesaid pathological disorders. The inadequacy of cen- 
tral regulation of the vegetative and metabolic functions 
noted in the schizophrenic patients and creating prerequi- 
sites for a disturbance in the functional adaptation of the 
brain to changes in the external, as well as internal, en- 
vironment is also responsible for the lowered resistance of 
these patients to various harmful somatogenic and emotio- 
genic factors, on which provocation of schizophrenic at- 
tacks by these harmful factors is based. 

Of the different forms of schizophrenia Ivanov-Smolen- 
sky and his collaborators made a particularly extensive 
study of the catatonic form with the patients in the state 
of catatonic stupor. Their studies had established the fol- 
lowing: 

a) Sharp disturbance, in most cases, in the coupling 
function of the cortex. These paticnts were almost unable 
to develop and consolidate new conditioned reflex connec- 
tions. In some cases there was a marked dissociation of 
conditioned reflex activity. While conditioned motor reac- 
tions did not form at all, vegetative reactions (two-phase 
respiratory, cardiovascular) formed well. 

b) Spread of inhibition to the higher unconditioned re- 
flexes (defensive, orienting) frequently with dissociation of 
the somatic and vegetative components and simultaneous 
disinhibition of the primitive, rudimentary reflexes (grasp- 
ing, sucking, etc.). 

c) Presence of vegetative dystonia (lowered reactivity, 
inverted reactions) with predominance of parasympathetic 
tone. There was an impression that the phasic phenomena 
also spread to the system of the vegetative-subcortical 
centres, Of inlerest in these patients is also unstable, poor 
nocturnal sleep and obliterated boundaries between waking 
and sleep, 


484 


d) Existence of different structures of catatonic stupor 
despite its external homogeneity, depending on the spread 
(localisation) of inhibition in the cortex and lower to the 
different levels of the stem, as well as on dissociation of 
the extent of disturbance in the somatic and vegetative 
functions. 

The subdivision of catatonic stupor into its two subtypes 
by Ivanov-Smolensky’ deserves attention. The first of 
these subtypes is the receptor stupor characterised by ‘the 
presence of a focus of inert excitation (for example, when 
the patient is concentrated on definite affective experi- 
ences) which, inhibiting the entire cortex by way of strong 
negative induction, makes it entirely impossible for the 
patient to perceive surrounding reality; the second subtype 
is the effector stupor in which the cortex is inhibited se- 
lectively only in its motor analyser, owing to which these 
immobilised patients fully retain their perception of the 
surroundings. Ivanov-Smolensky established two similar 
subtypes in catatonic mutism, since he managed to estab- 
lish contact with some of the patients by replacing oral 
speech with visual images, writing, gestures and pictures. 

Unlike the patients with the catatonic form of schizo- 
phrenia, those with the paranoid form easily elaborate, ac- 
cording to Ivanov-Smolensky, positive and negative condi- 
tioned reflex connections which, however, are inductively 
inhibited by these patients’ delusional and hallucinatory 
pathophysiological structures. 

Of great interest is Ivanov-Smolensky’s subdivision of 
the delirium of schizophrenic patients in two subtypes— 
image-bearing delirium not infrequently combined with 
visual hallucinations and predominantly connected with 
the first signalling system, and delirium which is mainly 
verbal, i.e., is a pathological disorder of the abstract, con- 


* A. G. Ivanov-Smolensky, “On Different Forms and Neuro- 
dynamics of Catatonic Stupor’. Archive of Biological Sciences. 
Vol. XXXVI, Book 1, 1934, pp. 85-106. 
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ceptual human thinking, sometimes combined with audi. 
tory hallucinations and therefore predominantly connected 
with the second signalling system. Different hallucinatory 
phenomena observed in schizophrenic patients were also 
given differentiated pathophysiological substantiation in 
Ivanov-Smolensky’s works. 

Depending on the character of the hallucinations Ivanov- 
Smolensky explains their emergence either by inert excita- 
tion or phasic phenomena in different regions of the cere- 
bral cortex in accordance with the central representation 
of the different analysers in the cortex, 

Thus he connects pseudohallucinations with inert exci- 
tation in the visual and auditory areas of the cortex, where- 
as true hallucinations have their pathophysiological basis 
in the form of inert excitation which also spreads to the 
cortical projection of the visual and auditory accomoda- 
tion. He explains the oneiric hallucinations by the pres- 
ence of phasic phenomena in the cerebral cortex. 

In analysing the neurodynamic relationships which form 
in the cerebral cortex of schizophrenic patients when the 
latter have symptoms of schizophasia, Ivanov-Smolensky 
connects the latter with disturbed relations between the 
first and second signalling systems due to inert excitation 
and phasic phenomena mainly in the second signalling sys- 
tem. 

As regards the therapy of schizophrenia, the pathoge- 
netic substantiation given by Ivanov-Smolensky to the dif- 
ferent combined methods (sleep therapy -+ insulin shock 
therapy, electroconvulsive therapy +- sleep therapy, etc.)' 
deserves special attention. 

In his pathogenetic substantiation he proceeds from the 
point of view that the effect of active therapy of schizo- 


* A. G. Ivanov-Smolensky, Experiment of Combined Therapy of 
Schizophrenia Jn Book: Treatment of Schizophrenia Transactions 
of the Central Neuropsychiatric Institute, Vol. 11, Kharkov, 1939, pp. 
403-09. 


486 


phrenia may have its pathophysiological basis not only in 
the deepening of protective inhibition and restoration of 
the efficiency of the nerve cells, but also violent vegetative 
changes which lead to a vegetative reorganisation of the 
patient’s organism and foster its disintoxication. 

Questions of the pathophysiology of schizophrenia were 
studied for many years on the basis of I. Pavlov’s teaching 
by the well-known Soviet psychiatrist V. Protopopov and 
his collaborators. 

As was already pointed out, Pavlov emphasised in his 
general pathophysiological conception of schizophrenia the 
importance of the development of a chronic hypnoid state 
of different localisation and intensity in the cerebral cortex 
of schizophrenic patients. Pavlov held that this hypnotic 
inhibition, as an expression of the protective functiong of 
the weakened cortex resulting from certain harmful fac- 
tors was responsible for a number of psychopathological 
syndromes in schizophrenic patients. In Protopopov’s clin- 
ic this Pavlovian proposition concerning the hypnoid state 
of the cortex in schizophrenic patients was fully confirmed 
and further developed through experimental studies of 
these patients. The schizophrenic patients were given nu- 
merous tests by various conditioned reflex methods (defen- 
sive-motor, vascular, motor-food, motor, motivated by ver- 
bal instruction).* On the basis of these tests it was estab- 
lished that in schizophrenia there is “low efficiency and 
rapid exhaustibility of the nerve cells of the brain, dimin- 
ished strength of the excitatory and inhibitory processes, 
tendency to their irradiation and inertness, sharply dimin- 
ished ability to form positive and negative condition re- 
flexes, instability of these reflexes and, lastly, a particular- 


* V. P Protopopov, “Pathophysiological Peculiarities in the 
Activity of the Central Nervous System During Schizophrenia”, In 
Book: Transactions of the Central Neuropsychiatric Institute, Vol. 10, 
Kharkov, 1938, pp. 14-26. 
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ly important type of disorder manifested in the presence 
of hypnoid phases”.* The studies of the second Signalling 
system of schizophrenic patients conducted by Protopo. 
pov and his collaborators are of considerable interest, 

Since the specifically human, abstract, verbal-conceptual 
thinking is connected with the second signalling system, 
Protopopov studied in the schizophrenic patients the dis. 
orders of abstraction and generalisation and their patho- 
physiological bases 

These studies were preceded by laboratory investiga. 
tions of the same processes of abstraction and generalisa- 
tion in higher animals (dogs and monkeys) conducted for 
methodological purposes. Types of disorders of abstraction 
and generalisation were discovered in schizophrenic pa- 
tients and it was found that these disorders were also 
based on a hypnoid state of the brain, disturbances in high- 
er analysis and synthesis. '* 

The confirmation and development of Pavlov’s pathophys- 
iological conceptions of schizophrenia by Protopopov were 
given practical application in the clinic with respect to the 
organisation of the regimen and treatment of these pa- 
tients. Special studies conducted in Protopopov’s clinic es- 
tablished the inexpedience ,of employing stimulatory and 
occupational therapy for schizophrenic patients in the 
acute initial stage of the discase with marked phenomena 
of protective inhibition. According to Protopopov, the con- 
ditions of the patients’ maintenance in the hospital during 
this period of the disease, as well as their treatment, im- 
peratively demand that the self-defensive protective inhib- 
itory states developing in the nervous system of the pa- 


« V. P. Protopopov, “Summaries of the Studies in the Field of 
Psychiatry, Physiology and Pathophysiology of Wigher Nervous 
Activity Conducted by Us During the Last lwenty Years”. In Book 
Problems of Physiology, Book 4, 1953, p, 240. 

wt VW, P, Protopopov, “Processes of Abstraction and Generalisa- 
tion in Animals and Man”. In Book: Studies of Higher Nervous 
Aclivity in Natural Experiment, Kiev, 1950, pp. 157-77, 
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tients in connection with schizophrenia shouldbe deepened. 
In the clinic of the Ukrainian Neuropsychiatric Acade- 
my in Kharkov, headed by Protopopov, a special depart- 
ment in which the patients were provided with a protec- 
tive regimen to safeguard their nervous system was 
opened as far back as 1932. The patients were accom- 
modated in small rooms, one or two patients each, in an 
atmosphere of total silence, with strict confinement to 
bed and all additional stimuli eliminated. Visits to the 
patients were reduced to a minimum or entirely discon- 
tinued. 

Protopopov wrote the following about his experiment: 
“It goes without saying that we do not regard segregation 
as a measure that excludes all other forms of therapy.” 
...“We consider segregation merely a more natural 
method of protecting the central nervous system from 
superfluous activity and of fostering more sleep than wak- 
ing and thus favouring restoration of the process in it.”* 
To come still closer to this aim Protopopov began to pro- 
long the sleep of the patients in this separate department 
to 18-20 hours a day by means of various hypnotics, con- 
tinuing this prolonged artificial sleep for a period of 10-12 
days and longer. Pointing out that his method of treating 
schizophrenic patients with prolonged pharmaceutic sleep 
is not a new method, but one that was introduced by K1&si, 
Protopopov emphasises, however, his entirely different 
interpretation of the aim and mechanism of action of 
this form of treatment, since Klasi, “was guided more by 
psychological than physiological considerations. ..”.** 

The pathogenetically substantiated sleep therapy of 
schizophrenic patients was employed on a large scale and, 
as we have already mentioned, won Pavlov’s approval. On 


1 V. P. Protopopov, “Principles and Methods of Protective 
Therapy”. In Book: Transactions of the Second All-Russian Congress 
of Psychiatrists and Neuropathologists, Vol. 1, Moscow, 1937, 
p. 591. 
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Pavlov’s instructions this treatment also began to be ad. 
ministered in the psychiatric clinic of his laboratory under 
Ivanov-Smolensky’s supervision. It should be noted, how- 
ever, that on a number of questions—is it expedient 
to employ only intermittent, resembling physiological, 
prolonged sleep or may continuous prolonged pharma- 
ceutical “sleep” of the nature of narcosis also be pre- 
scribed? what are the indications for and mechanisms of the 
diferent forms of sleep therapy? ctc.—Soviet psychia- 
trists have not as yet reached full agreement and are con- 
ducting additional research. 

Our description of Protopopov’s research in schizophre- 
nia would be incomplete without brief mention of his gen- 
eral conception of the pathogenesis of this disease. Pro- 
ceeding from the postulate that psychosis is a disease not 
only of the brain but also of the whole organism, Protopo- 
pov conducted multiform investigations of the somatic 
processes and metabolism in schizophrenic patients and 
tried to unite them with the established cerebral disorders 
in a single pathogenetic chain. ! 

The general conception of the pathogenesis of schizo- 
phrenia developed by Protopopov and partly coinciding 
with the views of Buscaino, Reiter and Gyessing consists 
in the following, Inborn defects of nerve centres which reg- 
ulate metabolism lead to disorders of metabolic processes, 
especially of protein metabolism, and a gradual accumula- 
tion in the organism of schizophrenics of toxic products 
with derivatives of the aromatic series predominating. Sim- 
ilar substances may additionally come from the intestines 
as a result of bacterial fermentation and greater perme- 
ability of the intestinal wall. The toxic products formed 


* See V. P. Protopopov, “Pathophysiological Principles of Ra- 
tional Therapy of Schizophrenia”, Kiev, 1946. Also Book-—P:oblems 
of Pathophysiology and Therapy of Schizophrenia. Transactions of 
the Ukrainian Neuropsychiatric Institute, Vol. XX, Book 2, Kiev, 
1947. 
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endogenously and exogenously are not fully detoxicated 
in the organism of the schizophrenic patients owing to the 
constitutional defects in the detoxicating systems of the 
liver, the physiological system of the connective tissue (re- 
ticuloendoremia), etc., which leads to development of 
aminotoxicosis. These toxic substances also effect the cen- 
tral nervous system, in particular depressing the oxidative 
enzymes, which conditions lowered oxygen consumption 
by the cerebral tissue, anoxia and increased tissue disin- 
tegration and disorders of metabolism—nitrogen, lipoid 
and mineral—in the brain. An inferior endocrine system 
is also an essential inborn anomaly: hypofunction of the 
thyroid, hypophysis and the sex glands. This dysfunction 
gives rise to decreased basal metabolism and, consequent- 
ly, lower energy of the oxidative processes, 

A valuable contribution to the development of Paviov’s 
conceptions of schizophrenia was made by Y. Popov: the 
trend of his research work is characterised by a study of 
the pathophysiological basis of mental disorders from the 
point of view of Pavlov’s teaching on higher nervous ac- 
tivity. 

On the one hand, Popov’s investigations are devoted to 
a pathophysiological study of various clinical manifesta- 
tions and psychopathological symptoms observed in schiz- 
ophrenic patients; on the other hand, they are aimed at 
developing a general hypothesis of the pathogenesis of 
schizophrenia. 

In examining Pavlov’s general pathophysiological con- 
ceptions above we pointed out that he had directly connect- 
ed a number of symptoms observed in schizophrenic pa- 
tients with inhibition of the cerebral cortex or had estab- 
lished their dependence on the disinhibition of the brain 
stem apparatus during failure of the cortex to control and 
restrain them. 

Popov studied these pathophysiological mechanisms of 
the psychopathological phenomena in schizophrenic pa- 
tients by the pharmacodynamic method. In his studies he 
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used different preparations which, as Pavlov called them 
are “drives” for either of the basic nervous processes (ex. 
citation or inhibition). Thus he proved that by increasing 
excitation in the cerebral cortex by caffeine and other 
agents (phenamine, pervitin) it is possible for some time 
to weaken and even eliminate the catatonic symptoms, Af- 
ter administration of the afore-mentioned substances which 
enhance the excitatory processes in the cerebral cortex the 
patients’ conduplicato corpore, flexibilitas cerea, cataton- 
ic excitation, speech disturbances and other symptoms dis- 
appeared. It is very interesting that Popov produced a sim- 
ilar effect by eliciting concentration of inhibition in the 
cerebral cortex by means of bromides and tincture Can- 
nabis indica. By gathering around certain points of the cor- 
tex such concentrated inhibition releases the other regions 
of the cortex from inhibition. These studies revealed that 
the bromides and the tincture Cannabis indica produced 
a triphasic effect on the schizophrenic patients in the cata- 
tonic state. This triphasic effect was manifested as follows: 
small doses produced no visible change in the patient’s 
condition; medium doses disinhibited the catatonic; with 
further increase in the dose this effect disappeared. 

“Tt must be assumed,” Popov pointed out, ‘‘that in the 
first and third cases inhibition, either weak or very strong, 
irradiates, according to the well-known rule, and the pa- 
tient therefore remains inhibited; the inhibition of medium 
strength concentrates around certain initial points and 
thereby releases the motor area.” * 

The role of cortical inhibition in the emergence of vari- 
ous symptoms, catatonic in particular, in schizophrenic 
patients and the protective significance of this inhibition 
were further elucidated by the research conducted in Po- 


" y. A. Popov, “Role of Inhibition in the Clinic of Mental Dis- 
eases”. In Book: Scientific Session Dedicated to the 100th Anniversa- 
ry of the Burth of Academician I. P, Pavlov, Theses of Reports, 
Moscow, 1949, p. 103. 
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pov’s clinic and devoted to the study of sleep of schizo- 
phrenic patients in catatonic stupor, and by an analysis of 
the effect produced by hypnotics on the same patients. It 
was found that when patients were examined immediately 
after physiological sleep their catatonic symptoms tempo- 
rarily disappeared. As for the effect of hypnotics on schizo- 
phrenic patients, the latter were noted to react to some 
barbiturates paradoxically. Small doses of barbiturates 
produced a hypnotic effect, whereas large doses proved 
ineffective. 

Popov also devoted considerable attention to the study 
of pathological changes in muscle tone of the patients with 
the catatonic form of schizophrenia.* The studies have 
shown that in some cases these patients manifest tonic 
cervical reflexes and have a high percentage of extrapyram- 
idal reflexes, Moreover, they have established a depend- 
ence of flexibilitas cerea in catatonics on an increase in 
local postural reflexes. They have also discovered regular 
changes in flexibilitas cerea under the effect of various 
pharmacological agents. At the same time it developed 
that agents enhancing excitation in the cortex, and these 
also included sympathicotonic agents (adrenalin, ephed- 
rine, phenamine, etc.) weakened or eliminated the phenome- 
na of flexibilitas cerea, whereas agents fostering emer- 
gence of inhibition in the cortex, particularly different para- 
sympathicotonic agents (pilocarpine, etc.) intensified this 
symptom, These studies carried out by Popov experimental- 
ly confirmed Pavlov’s afore-mentioned statements made 
as early as 1918 in his work “Psychiatry as an Auxiliary 
to the Physiology of the Cerebral Hemispheres”, that the 
phenomena of flexibilitas cerea in schizophrenic patients 
must be regarded as disinhibition of the brain stem equili- 


* Y, A. Popov, “On Pathophysiological Mechanisms of Catatonic 
Motor Disorders”. In Book: Problem of Motoricity in Neuropathology 
and Psychiatry. Transactions of the Central Neuropsychtatrie In 
stitute, Vol. 8, Kharkov, 1937, pp. 190-99. 
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brating reflex, which occurs in connection with inhibition 
of the motor analyser in the coricx. Popov’s studies in the 
pathophysiological analysis of the disorders of thinking in 
schizophrenic patients deserve particular attention. Is it 
a question merely of disorganisation of the intellectual proc. 
esses in these patients or is it perhaps more correct to 
speak of their special reorganisation? Is schizophrenic 
thinking governed by any laws, even if they perhaps differ 
from those which govern healthy thinking, or is it charac- 
terised only by a disturbance in these latter laws? These 
questions arise in connection with the studies of the dis- 
orders of thinking in schizophrenic patients. 

In one of his works devoted to this problem Popov 
writes: ‘On the basis of all of our clinical experience we 
are inclined to side with those who hold that schizophrenic 
thinking is built according to the type of thinking in 
sleep.... As a matter of fact, proceeding from Pavlov’s 
views, we must admit that during sleep, as well as in 
schizophrenia, the process of internal inhibition spreads 
extensively over the cerebral cortex. It is natural to as- 
sume that the existence of asimilar basis must lead to emer- 
gence of a certain similarity between the type of mental 
processes operating during sleep, on the one hand, and 
in schizophrenia, on the other.’’* 

In addition to the general analogy which Popov draws 
between the loss of contact with the environment charac- 
teristic of the sleeping person, as well as withdrawal into 
the secluded world of his experiences, and schizophrenic 
autism, he also deeply analyses the disorders of thinking 
in schizophrenic patients and compares them with the 
characteristic peculiarities of dream-thinking. He analyses 
in schizophrenic patients: 1) the association of words and 


* Y. A. Popov, “On Certain Peculiarities of Schizophrenic Think- 
ing and Its Assumed Physiological Mechanisms”. In Book: Transac- 
tions of the Ukramian Neuropsychiatric Institute, Vol. XXIV, Khar- 
kov, 1949, pp. 121-27. 
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ideas, not in the form of abstraction and generalisation of 
the similar, but, on the contrary, as unification of what is 
different in them, without any inner sense, 2) replacement 
of these ideas with others which have a casual unrealis- 
able element of similarity, 3) disturbances in reality rela- 
tionships and inability to distinguish between the literal 
and the figurative, the concrete and the abstract. 

Popov illustrates by a number of examples the presence 
in schizophrenic patients of the same mechanisms of think- 
ing as operate in the dreams of healthy sleeping people. 
He does not confine himself to these, even though very 
convincing analogies, but reinforces his pathophysiological 
conception of schizophrenic disturbances in thinking by 
pharmacological experiments. Experimental studies con- 
ducted in his clinic have shown that with a number of prep- 
arations which eliminate sleep and enhance the excitato- 
ry processes in the cortex (caffeine, phenamine, etc.) it is 
possible temporarily to put in order the process of think- 
ing in schizophrenic patients and to overcome the disturb- 
ances in the stream of thought. The analysis of certain 
pathophysiological mechanisms of disturbed thinking in 
schizophrenic patients (change in the signalling meaning 
of words, loss of discrimination between similar words, 
etc.) brings Popov to the study of a number of factors in 
the activity of the second signalling system. 

The foregoing data of the pathophysiological analysis 
of different psychopathological phenomena in schizo- 
phrenia, conducted in Popov’s clinic, show the importance 
of inhibition in the cerebral cortex for their emergence. 
However, we must not overlook the fact that clinicians 
not infrequently employ the conception of inhibition in a 
very general, undifferentiated sense. They speak of inhibi- 
tion without taking into account the differences in its ori- 
gin and localisation. In reference to this question Popov 
writes: “The general formula which has become wide- 
spread screens the concrete physiological essence of the 
phenomenon. A healthy person sleeps—diffuse inhibition, 
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a healthy person is hypnotised—also diffuse inhibition, a 
patient is in catatonic stupor—diffuse inhibition, this pa- 
tient is asleep—the more so, diffuse inhibition, pharmaco. 
logical sleep—again diffuse inhibition, narcosis—the same 
thing. But all these are indeed different states, although 
under certain conditions they may pass into each other.’’* 

In the differentiated analysis of inhibition made by Po- 
pov in this direction two of the postulates established by 
him are of particular practical importance. Firstly: the in. 
hibition found in schizophrenic patients is not always of 
a protective character and does not always have to be 
maintained or deepened. 

At a certain stage of the disease such inhibition may 
lose its protective significance and become inert, in which 
case it must be eliminated. Secondly: the artificially pro- 
duced inhibition in a form of prolonged pharmacological 
sleep employed for therapeutic purposes may he indicated 
in a number of cases of schizophrenia not only to deepen 
inhibition obtaining in the patient, but also during states of 
excitation, 

We have already mentioned the fact that the agents em- 
ployed in Popov’s clinic for the purpose of changing the 
functional state of the cerebral cortex in schizophrenic pa- 
tients by the pharmacodynamic method also included var- 
ious sympathicotonic and parasympathicotome substances, 
On the basis of these studies Popov advanced a_ hypo- 
thesis according to which the phenomena of pathological 
inhibition in the brain of schizophrenic patients are con- 
nected with definite changes in the state of the vegetative 
nervous system. This hypothesis was confirmed by his data 
which show that in the catatonic form of schizophrenia, as 
also in the other forms of schizophrenia, the parasympa- 
thetic tone predominates over the sympathetic tone. Popov’s 


1 -¥, A. Popov, “Role of Phenomena of Inhibition in the Clinic 
of Mental Diseases”. The Pavloy Journal of Higher Nervous Activ- 
ity, Vol. V, Book 3, Moscow, 1955, p. 33]. 
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studies established the possibility of intensifying or weak- 
ening schizophrenic symptoms by administering agents 
which enhance or, on the contrary, lower the tone of the 
parasympathetic system. Lastly, Popov discovered a regu- 
lar correlation between the improved condition of the pa- 
tients occurring spontaneously or as a result of treatment 
and the corresponding changes in the tone of the parasym- 
pathetic system. If these regularities have not always been 
very definitely and clearly pronounced, the interconnec- 
tions and reciprocal influences between the functional 
state of the cerebral cortex in schizophrenic patients and 
the changes in the vegetative nervous system of the same 
patients cannot be doubted. With the same aim of eluci- 
dating the correlations between the cortical and somatic 
changes, the disturbances in carbohydrate metabolism in 
schizophrenia were studied in Popov’s clinic. It developed 
that the discovered deviations were in some respects simi- 
lar to those observed in animals during winter hibernation. 
By the method of the double sugar load it was established 
that the deviations in carbohydrate metabolism depended 
primarily on the changes in its regulation by the nervous 
system. By exerting different influences on the nervous 
system (hydration—dehydration, alkalosis—acidosis, con- 
striction—dilation of vessels) it was possible to facilitate 
or impede the development of insulin coma. 

On the basis of all these data Popov advanced his hypo- 
thesis of the pathogenesis of schizophrenia, according to 
which inhibition in the higher parts of the brain, the para- 
sympathetic change and the-disturbances in carbohydrate 
metabolism must be regarded as interconnected factors 
underlying a single biological complex.* 

N. Tatarenko has been consistently developing the Pav- 
lovian conceptions of schizophrenia. As V. Protopopov’s 


* Y, A. Popov, “Some General Questions of the Pathogenesis of 
Schizophrenia”. In Book: Urgent Problems of Neuropathology and 
Psycluatry, Kuibyshev, 1957, pp. 150-57, 
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pupil, she was one of the first, as far back as 1926.28 to 
study the conditioned reflex activity in schizophrenia and 
to establish a number of regularities in the disturbances not 
only of ihe conditioned but also the unconditioned reflexes 
in these patients. On the basis of Pavlov’s postulate on 
“representation” of unconditioned reflexes and somatic 
functions in the cerebral cortex Tatarenko investigated 
all these mechanisms for the purpose of characterising the 
different states of the basic nervous processes in the high- 
er parts of the brain of schizophrenic patients and for 
studying the effect of various medical preparations on 
Schizophrenic patients. 

Tatarenko made a considerable contribution to the elab- 
oration of adequate methods of investigating the basic 
nervous processes in the higher parts of the brain appli- 
cable to the psychiatric clinic.' Here we must mention, in 
the first place, that she was the first to introduce a test of 
the orienting reflex into psychiatric practice. This reflex 
was studied in the clinic headed by Tatarenko in two of 
its components—pupillary and vascular. The test of the 
pupillary reaction, by means of a specially designed instru- 
ment (pupillometer*'), to the action of different contact 
and distant stimuli which elicit the orienting reaction have 


* N. P. Tatarenko, “New Methods of Physiological Research in 
the Clinic”, Vrachebnoye Delo, 1954, No. 11. Also N, P. Tatarenko, 
“On the Pathophysiology of Schizophrenia”. The Korsakov Journal 
of Neuropathology and Psychiatry, Vol. IV, Book 9, 1954, pp. 710-15. 

** This instrument is a chamber with a bulb for illuminating the 
eye, a lens, and a scale for measuring the dilation of the pupil and 
for measuring the reaction (the scale makes it possible to measure 
reactions with an accuracy of 1/8 of ils initial value), During the 
test the dilation or constriction of the pupil were recorded (dilation 
was marked by a — and constriclion by a --), one plus like one 
minus marked a change in the size of the pupil by 1/8 of its initial 
size, absence of reaction was designated by a zero (0), while a slight 
reaction, difficull to measure, was marked as “twilching”. The 
Jatent period of the reaction and the initial size of the pupil were 
also taken into consideration. 
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shown that, as a rule, this reaction is manifested as a dila- 
tion of the pupil. That the foregoing reaction is a compo- 
nent of the orienting reflex was established by the fact that 
it possesses all the properties of the latter (ability of being 
extinguished, disinhibited and restored), On the basis of 
the data obtained in numerous investigations Tatarenko 
emphasised the extraordinary reactivity and plasticity of 
the pupillary component of the orienting reflex and the 
practical expedience of testing it in diagnosing and apprais- 
ing the patient’s condition. The vascular component of the 
orienting reflex manifested in constriction of vessels was 
tested in Tatarenko’s clinic by means of a specially designed 
plethysmograph*. It should be noted that the tests of 
the orienting reflex, especially its pupillary component, in 
schizophrenic patients have disclosed that the pupillary 
reaction is very frequently absent or distorted. According 
to Tatarenko, “the character of inhibition which conditions 
the absence, weakening or distortion of the reaction indi- 
cates beyond any doubt that it is transmarginal”. We may 
note another peculiarity of the pupillary component of the 
orienting reflex in schizophrenic patients never encountered 
in normal people, namely, an intensification of the reac- 
tion and the practical impossibility of extinguishing it (by 
the continuous, as well as the intermittent method). As 
other methods of examination in the psychiatric clinic Ta- 
tarenko widely utilised the reaction (cutaneous and vege- 
tative to nicotinic acid) which reveals extremely charac- 
teristic phenomena in schizophrenic patients differing from 
the phenomena in other patients—total absence or sharp 
diminution of erythema with an odd asymmetrical distribu- 


* This plethysmograph designed by S. Shteinberg is a system 
which serves to perceive and record vascular reactions. It consists 
of a plethysmo-receiver (a rubber bag with a porous elastic rubber 
sponge inside), a pneumatic transmission (which connects the plethys- 
mo-receiver with Marey’s capsule), Marey’s capsule and a system 
of two levers which intensify the vibrations and record them on 
tape. e 
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tion in the form of individual spots, points, etc., running 
a temporary course, and other peculiarities. It had been 
earlier established in Tatarenko’s clinic that the reaction 
to nicotinic acid was regulated by the higher parts of the 
brain, since the conditioned reflex elaborated to it was ex- 
tinguished by suggestion. 

Tatarenko studied the reactivity of the organism in con- 
nection wilh the states of the basic nervous processes in 
the higher parts of the brain and the higher nervous activ- 
ity of schizophrenic patients not only to physiological 
(orienting), and chemical (nicotinic acid and various medi- 
cinal substances), bul also to biological stimuli (infectious 
factors). By means of whooping cough vaccine she disclosed 
certain immunobiological regularities in schizophrenic 
patients. The immunobiological activity in initial stages of 
schizophrenia, especially in catatonic stupor, proved much 
higher than in healthy people. This difference was not ob- 
served in persons who were ill for a long time. It was also 
established that the concomitant infections in all forms of 
schizophrenia, except catatonic stupor, led to intensifica- 
tion of the excitatory process and weakening of the inhib- 
itory process, which was manifested in disappearance or 
diminution of the phasic hypnotic states in the cerebral 
cortex, This apparently underlies the temporary improve- 
ment of the mental state in patients after infections. 

The method of studying the higher functions of the cere- 
bral cortex—abstraction and generalisation—proposed by 
V. Protopopov and Y. Rushkevich was widely utilised in 
the clinic headed by Tatarenko for purposes of pathophys- 
iological research. By this method the clinic established 
strict regularities in the changes of the functions of ab- 
straction and generalisation in schizophrenia, which differ 
from the same functions in other psychoses and confirm 
the existence of phasic phenomena and other states char- 
acteristic of schizophrenia. Tatarenko also studied the 
pathology of speech in schizophrenia and the pathophysio- 
logical mechanisms of oneiric states in this disease. 
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On the basis of the foregoing studies which confirm 
Pavlov’s hypothesis on the pathophysiological mechanisms 
of psychopathological phenomena observed in schizophre- 
nia Tatarenko has formulated her general conception of 
schizophrenia which includes questions of pathogenesis, 
course and outcome of the disease.” According to this con- 
ception, schizophrenia begins early and its first manifes- 
tations (various psychopathological symptoms, later be- 
coming more or less normal) are phasic states in the high- 
er parts of the brain. Later, as the affections grow deeper 
and compensation diminishes, ‘‘acute” states emerge, the 
phasic phenomena being already widespread and deep. 
These phasic phenomena arise in response to the disturb- 
ances in metabolism, endocrine functions and work of the 
internal organs now involved in the process because of the 
disturbed regulation of all functions of the organism by 
the higher parts of the brain, During the initial and “acute” 
period the developing phasic inhibition in the cerebral cor- 
tex is still of a protective character, but since this inhibi- 
tion is not complete and the cortical cell is not fully ex- 
cluded from activity, but continues to work under patholog- 
ical conditions, the “protective function gradually ceases 
to be performed by this inhibition which later assumes an 
inert character. That is why it is necessary actively to com~- 
bat this inert inhibition by various therapeutic methods 
during this stage of the disease’. 

Later the phasic phenomena increasingly blend with the 
phenomena of exclusion of the organically affected parts 
of the brain and of the compensation by its remaining 
normal parts, which is responsible for the different out- 
comes of the disease. 


!N. P. Tatarenko, “On the Character and Significance of the 
Hypnotic Phases During Different Periods of Schizophrenia”. In 
Book: Transactions of the Scientific and Practical Conference of 
Neuropathologisis and Psychiatrists of the Baltic Republics, Riga, 
1956, pp. 175-86. 


bor 


Nevertheless, the specificity of the psychopathological 
and somatic disturbances in this disease consists of four 
components: truly pathological, defensive-biological, defec- 
tive and compensatory. And this is what produces the cer- 
tain external variety of symptoms despite their common 
inner essence, which was excellently substantiated in Pay- 
lov’s hypothesis on the hypnotic phasic phenomena in the 
cerebral cortex of schizophrenic patients. 

In conclusion we shall briefly dwell on the pathophys- 
iological conceptions of schizophrenia developed by Pav- 
lov’s pupil V. K. Fyodorov. 

Fyodorov based his views of schizophrenia on the 
marked weakness, delicateness and fragility of the “nervous 
apparatus” in schizophrenic patients observed by Pavlov, 
On the basis of a large number of observations (up to 500 
cases) Fyodorov found that among the schizophrenic pa- 
tients persons with the weak type of higher nervous activ- 
ity constitute up to 60 per cent of the cases, among the 
patients with exogenous psychoses—up to 22 per cent and 
among mentally healthy people—up to 10 per cent. By 
comparing schizophrenic patients with those suffering from 
exogenous psychoses, according to the data characterising 
their premorbid type of higher nervous activity and the in- 
tensity of exogenous harmful factors preceding the dis- 
ease, Fyodorov found that schizophrenic patients had a 
deeper, than the patients suffering from exogenous psy- 
choses, affection of cortical activity produced by severe 
overstrain and the resultant damage to the nerve cells of 
the cerebral hemispheres, depending on the correlation be- 
tween the stability of the type of nervous system and the 
nature of the external harmful factors. For schizophrenic 
patients this correlation is determined either by a very 
weak type of higher nervous activity or particularly potent 
and combined external harmful factors. 

According to Fyodorov, “in the absence of a specific 
etiology of schizophrenia its pathogenesis is a result of the 
interaction of sufficiently grave harmful agents with a nerv- 
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ous system which is insufficiently stable in respect to 
these agents, the cortical cells being weakened to such an 
extent that they continue to be traumatised by usual stimu- 
li which have become excessively strong for them. The 
latter, together with various somatic disturbances which 
complicate the disease, underlies the progress of the dis- 
ease, the somatic disturbances being a result of wrong 
regulation of all functions of the organism by the affected 
cerebral hemispheres.”* 

In another work V. Fyodorov writes: “Now we do not 
regard schizophrenia as an endogenous psychosis; like the 
exogenous psychoses this disease also arises as a result of 
interaction of the organism with the environment. The dif- 
ference lies in the degree of overstrain of the cortical cells, 
since after elimination of the factors causing the disease in 
so-called exogenous psychosis the cortical cells resume 
normal work, while in schizophrenia they are so weakened 
that the usual everyday stimuli prove excessively strong 
and continue to foster the destructive process. By taking 
into account the intensity of the harmful influences, on the 
one hand, and the type of higher nervous activity, on the 
other, we can draw conclusions about the overstrain of the 
nervous processes in the cerebral hemispheres.”** 

We cannot fail to recognise the great significance (noted 
by Fyodorov) of the inborn weakness of the nerve cells of 
the cerebral hemispheres characteristic of schizophrenic 
patients and the important role of the harmful external 


t V. K. Fyodorov, “Pathogenesis of Schizophrenia in the Light 
of Pavlov’s Teaching on Types of Higher Nervous Activity.” Proceed- 
ings of the All-Union Scientific and Practical Conference Dedicated 
to the 100th Anniversary of S S Korsakov’s Buth and Devoted to 
Urgent Problems of Psycluatry, Moscow, 1955, p. 127. 

tt VW. K. Fyodorov, “On the Problem of Pathogenesis and Distinc- 
tion of Schizophrenia”. In Book: Pioblems of Physiology of the 
Central Nervous System (book dedicated to the 70th Anniversary 
of Academician K. M. Bykov’s birth), Moscow and Leningrad, 1959, 
p. 544. 
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factors which additionally weaken the nervous system of 
schizophrenics and thus foster the development of the 
schizophrenic process. However, we cannot agree with 
Fyodorov’s rejection of a specific etiology of schizophrenia, 
as yet unknown, or with his ignoring the qualitative aspect 
of the pathological processes in the organism, especially in 
the brain, of the schizophrenic patient conditioned by its 
complex pathogenesis. 

According to Fyodorov’s foregoing conception, schizo- 
phrenia is not a processional disease, not an independent 
clinico-nosological unit, but only a certain type of patho- 
logical reaction, and this we believe to be wrong. 


NOTES 


i The article “Experimental Psychology and Psychopathology in 
Animals” was tianslated from the text published in the second edi- 
tion of I. P. Pavlov’s Complete Works (Vol. HI, Book 1, Moscow 
and Leningrad, 1951, pp. 23-39). It is the text of the speech del- 
vered by Paviov at the International Medical Congress in Madrid, 
April, 1903. The article was first published in the Herald of the 
Miltary Medical Academy (1903, Vol, 7, No. 2, pp. 109-21). It is 
Pavlov’s first report on the theory of conditioned reflexes proving 
the legitimacy of studying mental activity physiologically and 
regarding it as reflex activity. Already in this article Pavloy point- 
ed out the possibility of employing new methods of studymg 
higher nervous activity, but as yet mainly through mechanical 
destruction of different parts of the brain. This work clearly re- 
vealed Pavlov’s tendency physiologically to substantiate human 
psychology and psychopathology by experiments on animals, How- 
ever, this tendency was realised at a later period of his scientific 
activity. p. 13 


2 The experiments of I. F. Tolochinov, Pavlov's first collaborator, 
were carried out in 1901 and were summarised by him in his work 
“Material for the Study of the Physiology and Psychology of 
Salivary Glands”. It was the first work on conditioned reflexes and 
was reported to the Congress of Naturalists and Physicians of the 
North in Helsmki in 1902 and published in French in the Materials 
of the Congress, (I. F. Tolochinov, Contribution a4 Pétude de la 
physiologie et de la psychologie des giandes salivures. Torhand- 
linger vid Nord, Naturforscara-och Léveremot, Helsingfors, 1903.) 

On Tolochinov see also Note 15. p. 20 


The article “On Sleep” is an excerpt from I. P. Pavlov's speech 
delivered at the Meeting of the Ledentsov Society for Fostering 
Progress in Experimental Sciences and Their Practical Application 
(Moscow, 1910). The article was translated from the text published 
in the second edition of I. P. Pavlov’s Complete Works (Vol. I, 
Book 1, Moscow and Leningrad, 1951, pp. 130-32). p. 3i 
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4 Tlere Pavlov is referring to the studies of the formation of condi- 
tioned reflexes to thermal stimuli conducted by his collaborators 
O. S. Solomonov and A. A. Shishlo. Pavlov’s statement on sleep is 
essentially a summary of the data of their investigations. These 
investigations were set forth by the authors themselves in O. S, 
Solomonov’s report “On Somniferous Reflexes” to the Society of 
Russian Physicians in Petersburg, March 25, 1910, which was pub- 
lished in the Transactions of the Society of Russian Physicians 
(St. Petersburg, 1911, 77th year of publication, pp. 159-71). p. 31 


“On Inhibition and Sleep” is an excerpt from Pavlov’s article 
“Basic Rules of the Function of ihe Cerebral Hemispheres”. The 
excerpt was translated from the text published in the second edi- 
tion of I. P. Pavlov’s Complete Works (Vol. III, Book 1, Moscow 
and Leningrad, 1951, pp. 162-71). The article “Basic Rules of the 
Work of the Cerebral Hemispheres” is a shorthand record of the 
report made by Pavlov to the Meeting of the Petersburg Society 
of Russian Physicians, March 24, 1911 (the meeting was dedicated 
to I, M. Sechenov’s memory). Pavlov based his report mainly on 
the experimental studies of his collaborators N. I. Krasnogorsky 
and N. A. Rozhansky who demonstrated their experiments in the 
course of Pavlov’s report. This report was first published in the 
Transactions of the Society of Russian Physicians (St. Petersburg, 
1911, pp. 175-87). 

Pavlov’s article “Basic Rules of the Work of the Cerebral 
Hemispheres” hegins with a brief description of the motion of the 
nervous process of excitation and then deals with the main sub- 
ject of the report—the experimental data on the regularities of the 
spread of the process of inhibition. In the present edition the first 
part of this article was deleted. The end of the article in which 
Pavlov deeply criticised the psychological, so-called subjective, 
method of studying the higher nervous activity of animals was 
also deleted, 

In the deleted first part of the article Pavlov emphasises the 
particularly great importance of the “brilliant”? discovery of cent- 
ral inhibition made by I. M. Sechenov. 

The article develops and substantiales the proposition formul- 
ated by Pavlov in the preceding article (‘On Sleep”) that “sleep 
is a depression, an inhibition of all the activity of the higher part 
of the brain”. 

On the basis of experimental data Pavlov very convincingly 
proves the common nature of the phenomena of inhibition and 
sleep, and the possibility of transition of different forms of inhi- 
bition to sleep by way of irradiation of inhibition through the cereb- 
ral hemispheres. In this work Pavlov does not as yet touch upon 
the question of the character of inhibition (external and internal) 
which passes inio slecp. p. 34 


 N. A. Rozhansky’s experiments cited by I. P. Pavlov subsequently 
formed the basis of Rozhansky’s dissertation. (N. A, Rozhansky, 
Materials on the Pliysiology of Sleep. Dissertation, St, Petersburg, 
1913, 94 pages.) 
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Rozhansky worked on his dissertation in Pavlov’ ; 
January 1910-August 1912. The dissertation aut Pa 
review of the literature on problems of sleep published by that 
time. In his philosophical views and later also in the physiological 
interpretation of the phenomena of sleep Rozhansky differed with 
Pavlov. p37 


A detailed description of Krasnogorsky’s experiment perfo ; 
on the dog “Gnome” and cited by Pavlov is found in N. i Renae: 
gorsky’s dissertation. (N. I. Krasnogorsky, On the Process of 
Depression and Localisation of the Skin Motor Analyser in the 
Cerebral Cortex of the Dog, St. Petersburg, 1911.) p. 38 


The article “Conditions for Active and Resting States of the 
Cerebral Hemispheres” was translated from the text published in 
the second edition of I. P. Pavlov’s Complete Works (Vol. III, 
Book 1, Moscow and Leningrad, 1951, pp. 290-98). This article is 
the report (under the same title) made by Pavlov to the Petro- 
grad Society of Biologists in 1915. 

In this article Pavlov examines in detail two basic questions: 
1) the conditions favouring the onset of sleep (significance of a 
decreased influx of external stimuli or the presence of monotonous, 
prolonged stimuli, the character of the stimuli and individuality of 
the animal) and 2) conditions impeding the onset of sleep (signi- 
ficance of a variety of stimuli and nervous processes, i.e., alterna- 
tion of excitation and inhibition). As Pavlov directly points out 
in the text, I. M. Sechenov’s statements in his famous Reflexes of 
the Brain were of particular importance to the question discussed 
in the article. It should be noted that Sechenov also dwells on the 
question of the onset of sleep or waking in one of his other works 
written much later under the title of Participation of the Nervous 
System in Man’s Working Movements. In virtue of the special 
interest which these postulates laid down by Sechenov present we 
are citing the following excerpt from his works: 

“Waking. This state is connected with the continuous effects 
of impulses from the external world on our sense organs and is 
demonstrated by accidental and, fortunately, extremely rare 
pathological observations on man. One such case witnessed by 
physicians happened in Germany. It was a case of a young man 
whose suffering consisted in the fact that of all the sense organs 
he retained, functionally intact but one eye and one ear which 
served him as the only avenues of communication with the external 
world. As Jong as the eye could see or the ear could hear he was 
awake, but as soon as the physicians, by way of experiment, 
closed his healthy eye and stopped up the ear, the patient rapidly 
lapsed into sleep from which he awakened when these organs were 
acted upon by sensual stimuli. 

“Another case occurred in Petersburg, in the Pokrovskaya 
community, and I was told about it by S. P. Botkin who was near 
and dear to all of us, Russians, during his lifetime and who still is 
near and dear to us by the memories he has left. A well-educated 
female patient retained intact only the sense of touch and the 
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muscle sense in one of her arms. According to the hospital person- 
nel, she was almost always asleep and communicated with people 
in the following manner: a pillow was placed on her abdomen 
and her hand which retained its sensitivity was moved along the 
pillow so as to write the question to which the patient’s answer 
was wanted. To this question the patient answered in words. The 
patient talked similarly with S. P. Botkin. For example, the words 
‘Botkin has come to see you’ were written with her own hand and 
she answered: ‘I am very glad’, etc. 

“Can there be any doubt, after such facts, that waking with 
its inevitable alternation of sensations of various kinds and orders 
is maintained by optic, acoustic, thermal, olfactory and frequently 
mechanical external influences on the senses? True, we do not 
know what happens in the central nervous system at this time, 
but we cannot doubt this fact a priori: the loss of all senses must 
necessarily be accompanied by a total loss of consciousness, since 
conciousness is manifested in nothing but conscious sensations, 
A total loss of the senses must correspond to deep sleep without 
dreams.” (LM. Sechenov, Selected Philosophical anc Psychological 
Works, U.S.S.R. Academy of Sciences, Moscow, 1952, p, 511.) 

p. 44 
The case of Professor Stttimpell which Pavlov mentions here and 
in some of his other works was the subject of a report made by 
Professor Striimpell to the Section of Internal Medicine at a 
meeting of naturalists in Munich in 1877 (this case is described in 
Striimpell’s.article “Beobachlungen tiber ausgebreitete Aniisthesien 
und deren Folgen fur die willktirliche Bewegung und das Bewusst- 
scin”, Deutsches Archiv fiir klinische Medicin, 1878, Bd. 22), 
p. 44 
Pavlov also examines the question of the importance of the dimin- 
ished influx of external stimuli to the brain for the onset of sleep 
in his other article “Problem of Sleep”, referring to the experiments 
of B. S. Galkin who surgically climinated in dogs simultaneously 
the visual, auditory and olfactory receptors (sce I. P. Pavlov’s 
article “The Problem of Sleep” in the present edition, p. 393), 
: p. 45 
11 Here Pavlov refers to M. K. Petrova’s experiments summed up in 
her dissertation (M. IX. Petrova, On the Teaching on Irradiation of 
Excitation and the Inhibitory Processes, St. Petersburg, 1914, 255 
pages) and her work Struggle Agains! Sleep, Work of Balancing 
the Stimulatory and Inhibilory Processes (book dedicated to 
Pavlov’s 75th birthday, Leningrad, 1924, pp. 275-85). Petrova’s 
dissertation and her subsequent physiological investigations of 
sleep and related phenomena are a valuable contribution to Pav- 
lov’s teaching on sleep. The dissertation examines the different 
hypnotic effects of various conditioned stimuli (thermal, mechani- 
cal stimuli of the skin, acoustic, etc.), measures of struggle against 
sleep, transformation of strong faradic current into a somniferous 
agent, effect of the sentry reflex on the emergence of sleep, causes 
of special sleepiness of “ lively”, “excitable” dogs, ele. 
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According to M. K. Petrova, “sleep ... is characterised by a 
special relation of the central nervous system to external stimuli 
and special states of the muscles” (in the same dissertation), While 
sharing a number of N. A. Rozhansky’s views of the physiological 
nature of sleep, Petrova differs with him in evaluating the sigmifi- 
cance of restraining the animal’s movements for the onset of sleep 
considering such 1estraint a secondary factor in determining the 
emergence of sleep. At the same time she attaches the decisive 
importance in Lhe onset of sleep to the character of external stim- 
uli, ther quality, duration, strength, etc. In her opinton it is the 
protracted, monotonous conditioned stimuh, thermal and mechanic- 
al skin stimu, in the fust place, which have the necessary 
hypnotic eftect. p. 51 


12 Pp, N. Vasilyev’s experiments to which Pavlov refers are treated 
m Vasuyev’s dissertation Dzfferentiation of Thermal Stimuh by the 
Dog (Sl. Petersburg, 1922). 

In Is experiments Vasilyev alternated different conditioned 
thermal stimuli to struggle against sleep, he also used M. N. Ye- 
rofeyeva’s method and elaborated a conditioned food reflex to 
strong taradic current. p. 52 


1} I. P. Pavlov’s article (written jointly with L. N. Voskresensky) 
“Some Facts About the Physiology of Sleep” was translated from 
the text of the work published under the same title in the second 
edition of 1. P. Pavlov’s Compleie Works (Vol. III, Book 1, Moscow 
and Leningrad, 1951, pp. 299-305). This article is a report pre- 
pared fur the press and made by Pavlov under the same title to 
the Petrograd Biological Society in 1915. It was first published 
in French in the journal Comptes rendus de la Société de Biologie 
(79,1079-1084, 1916). Besides, Pavlov’s report “Some Facts about 
the Physiology of Sleep” was published nm the Herald of the Pet- 
rograd Biological Laborctory (1917). 

In this work Pavlov makes a close study of the “‘course of 
sleep”, the “motion of sleep inhibition through the brain”. The 
transitional states between sleep and waking, the phenomena of 
hypnosis became the object of his experimental research; by 
hypnosis Paviov implies partial, limited sleep in its different mani- 
festations. The work contains the experments of L. N. Voskres- 
ensky who produced hypnotic states by conditioned reflexes. At 
the same time Pavlov also believes that hypnotic inhibition exists 
as an independent form of inhibition, This point of view was dis- 
tinctly expressed by Pavlov in his article “Special Lability of In- 
ternal Inhibition: Hypnotic, External and Internal’® (1. P. Paviov, 
Complete Works, 2nd ed., Vol. IL, Book 1, Moscow and Leningrad, 
1951, p. 275). p. 53 


1% Pavlov refers to his report made to the Petrograd Society of Bio- 
logists in 1914 and published _as an article entitled “Special Labi- 
lity of Internal Inhibition in Dogs” (I. P. Pavlov, Complete Works, 
2nd ed., Vol. III, Book 1, Moscow and Leningrad, 1951, p. ne 

p. 
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45 The article “Psychiatry as an Auxiliary to the Physiology of the 


1 


Cerebral Hemispheres” was translated from the text published 
in the second edition of I. P. Pavlov’s Complete Works (Vol. II, 
Book 1, Moscow and Leningrad, 1951, pp. 346-54), 

The article is a report made by Pavlov to a meeting of the 
Society of Psychiatrists in Petrograd in 1919, It was first published 
in the same year (Russian Physiological Journal, 1919, Vol. II, Book 
4-5, p. 257). 

During June-August 1918 Pavlov lived in his country home on 
Poklonnaya Hill in Udelnaya near Leningrad. During that period 
he visited the Skvortsov-Slepanov 3rd Psychiatric Hospital where 
with the aid of a number of psychiatrists, mainly A. V. Timofeyev, 
Chief Physician of the hospital, and physician V. P. Golovina, he 
observed mental patients in an endeavour to understand the pecu- 
liarities of their condition and behaviour from the point of view of 
general physiology of the nervous system, particularly the teaching 
on condilioned reflexes. As L. A. Orbeli points out, “‘his first 
impressions and statements manifested his admiration of the sel- 
fless work of psychiatrists who gave all their energies and know. 
ledge to the difficult and at times dangerous work of caring for 
mental patients”. The report made by Pavlov to the Society of 
Psychiatrists in Petrograd in 19]9 and published in the article 
“Psychiatry as an Auxiliary lo the Physiology of the Cerebral 
Hemispheres” is a summary of these observations of the mental 
patients in the Udelnaya Psychiatric Hospital. Of considerable inter- 
est is the fact that the case hislory (described in the article) of 
the 60-year-old Kachalkin who was in a catatonic stupor for more 
than twenly years has come down to us and was recently analysed 
by V. I. Velikojanov, research worker at the Pavlov Institute of 
Physiology. (V. I. Velikojanov, “On the History of Pavlov’s Teach- 
ing on the Protective Role of Transmarginal Inhibitién. Patient 
Kachalkin”. The Korsakov Journal of Neuropathology and Psychi- 
atry, Vol. 60, Book 4, pp. 484-87, 1960.) This patient had been 
admitted to the psychiatric hospital in 1893 and was observed by 
Pavlov only at the end of July 1918. It should also be noted that 
at that time I, F. Tolochinov was the patient’s atlending physician; 
although a psychiatrist, he carried on scientific work in Pavlov’s 
laboratory and, as was already mentioned (Sec Note 2), wrote, 
under Paviov’s supervision, the first work on conditioned reflexes. 
The patient Kachalkin dicd of heart failure in September 1918 
soon after Pavlov had discontinued his visits to the hospital. This 
article is significant not only for its deep physiological interpreta- 
tion of one of the widespread and important symptoms of catato- 
nia, the so-called flexibilitas cerea, hut also because it already 
shows the basic “features of Pavlov’s harmonious physiological 
hypothesis of the catatonic form of schizophrenia. p. 60 


Moritz Schiff (1823-1896), Swiss physiologist who extensively 
studied the central nervous system and the trophic influence of 
nerves on the tissues. p. 62 
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47 In Pavlov’s attitude to the well-known British physiolos; 
Scott Sherrington the following is of some iateeee: ae here 
ing Sherrington’s works in his “Lectures on the Work of the 
Cerebral Hensispheres” Pavlov compares his works on the physi- 
ology of the brain with Sherrington’s works on the physiology of 
the spinal cord (I. P. Pavlov, Complete Works, 2nd ed, Vol. 4 
Moscow and Leningrad, 1951, pp. 18-19). aes 


In 1934, in his work “Experimental Pathology of the Higher 
Nervous Activity” Pavlov reverted to Sherrington again (see pres- 
ent edition, p. 355). He related that, while in London at the Anni- 
versary of the London Royal Society, he had chanced to “meet 
the best British physiologist and neurologist C. S. Sherrington” 
and the latter said to him: “You know, your conditioned reflexes 
would hardly be popular in England since they have a material- 
istic flavour.” Pavlov immediately noted that Sherrington’s predic- 
tion had not come irue. Pavlov wrote: “... In England, the 
country with which Sherrington tried to frighten me, there is an 
altogether different situation. There, the theory of the conditioned 
reflexes is now taught in all schools.” (Present edition, p, 356.) 

After familiarising himself with Sherrington’s new book The 
Brain and Its Mechanisms in 1934 Pavlov, despite his positive 
appraisal of Sherrington as a physiologist, expressed his sharp 
disapproval of this book on the “Wednesday,” September 19, 1934. 

Pavlov said: “Comparing the laws of the brain and its mechan- 
isms, he (Sherrington—Editor) draws a very strange conclusion. 
It appears that up to now he is not at all sure whether the brain 
bears any relation to our mind.... This is clearly expressed by 
him in the following, words: ‘If nerve activity has relation to 
mind...’ I did not trust my knowledge of English and so I re- 
quested others to translate it for me.” 

“How can it be that at present time a physiologist should doubt 
the relation between nervous activity and the mind?” Pavlov asks 
and answers: “This is the result of a purely dualistic concept. 
This is the cartesian viewpoint, according to which the brain is 
a piano, a passive instrument, while the soul is a musician ex- 
tracting from this piano any melodies it likes’ (I, P. Pavlov, 
Selected Works, Foreign Languages Publishing House, Moscow 
1955, p.563). 

Pavlov also sharply criticised Sherrington’s agnosticism. “I am 
all the more surprised,” Pavlov went on to say, “that for some 
reason or other he regards knowledge of this soul as something 
pernicious and clearly expresses this point of view; according to 
him, if the best of us acquire some knowledge of the nervous 
system this would be a most dangerous thing threatening the ex- 
tinction of man on earth.... Why knowledge of the soul may 
be pernicious? I would like to know how on earth it can lead to 
the extinction of man. Socrates counselled: ‘Know thyself’. How, 
then, can a scientist, a neurologist, say: ‘Do not dare know thy- 
self’? (Ibid., pp. 563-64.) p. 62 
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'8 See the article “Some Facts About the Physiology of Sleep”, in 
the present edition, p. 53, and Note 13. p. 63 


'§ The article “Concerning the So-Called Hypnotism in Animals”, 
was translated trom the second edition of I, P. Pavlov's Complete 
Works (Vol. Ill, Book 2, Moscow und Leningrad, 1951, pp. 359-60). 
It contams the report made by Pavlov to the meeting of the 
Branch of Physico-Mathematical Sciences of the Russian Academy 
of Sciences, November 9, 1921; in this report Pavlov formulates 
his physiological conceptions of hypnosis in animals. He consid. 
ers hypnosis in animals one of the self-protective reflexes based 
on inhibition, The phenomena of catalepsy are regarded as inhibi. 
tion of the motor area of the cortex. Pavlov also points out the 
transition of hypnosis to sleep during irradiation of inhibition to 
the other regions of the cortex. p. 70 


“0 The article “Relations Between Excitation and Inhibition, Delimita- 
tion Between Excitation and Inhibition, Experimental Neuroses in 
Dogs” was translated from the text published in the second edi- 
tion of I. P. Pavlov’s Complete Works (Vol. ILI, Book 2, Moscow 
and Leningrad, pp. 35-50, 195!). This article was first published in 
German in the Skandinaviches Archiv fiir Physiologie (Bd. XLVI, 
H. 1-2, 1925, S. 1-14), the journal founded by R. Tigerstedt. 

Although studies of the types of Ingher nervous activity and of 
experimental neuroses in animals had been started in Pavlov’s 
laboratory Jong before this article was written (as carly as 1909- 
11), these studies made particular headway in the 1920's. Consid- 
erable attention to this problem was stimulated by the great 1924 
Leningrad food described in the article. The building housing the 
experimental animals olf Pavlov’s Jahoratory was flooded, The 
conditioned reflex activily elaborated in the rescued animals ex- 
perimentally was deranged. The peculiarities of the resulting 
neuroses and their elimination, depending on the type of nervous 
system in the dogs, was the subject of all-round studics in Pay- 
lov’s laboratories. 

The present article sums up the studies (mainly during 1921-23) 
of the conditions under which neuroses emerged. By these condi- 
tions Pavlov implied overslrain of the basic nervous processes of 
excitation and inhibition and of their mobility. p. 72 


“| Reference is made to M. N. Yerofeyeva’s work “Additional Data 
on Destructive Conditioned Reflexes’, published in the Herald of 
the Pelrograd Lesgaji Research Inslilule, Vol, WI, 1921. p. 75 


#2 This refers to N. R. Shenger-Krestovnikova’s work “On the Ques- 
tion of Differentiation of Optic Stimuli and of the Limits of 
Differentiation in the Visual Analyser of the Dog” published in the 
Herald of the Petrograd Lesgafl Rescarch Instilute, Vol, II, een 

p. 

*} Reference is made to M. K. Pelrova’s work “Different Types of 
Internal Inhibition Under a Particularly Difficult Condition” pub- 
lished in the Transactions of Academician Pavlov’s Physiological 
Laboratories, Vol, {, Leningrad, 1924. p. 77 
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% Pavlov is referring to N. Razenkov’s work “Change in the Process 
of Excitation in the Cerebral Cortex of the Dog Under Difficult 
Conditions of Work” published in the Transactions of Academi- 
ciun Paviov’s Phystological Laboratories, Vol. J, Leningrad, 1924. 

p. 78 

2 A. D, Speransky’s work “Changes in the Relationships Between 
Excitation and Inhibition in the Dog After the Flood" mentioned 
here was published in the Russian Physiological Journal (Vol. VIL, 


Book 3-4, 1925). >. 86 
% For I. P. Pavlov’s views of the investigations of N. Y. Vvedensky 
and his school see Note 35. p. 86 


2% The article “Normal and Pathological States of the Cerebral 
Hemispheres” was translated from the text published in the second 
edition of I. P. Pavlov’s Complete Works (Vol. Ill, Book 2, Mos- 
cow and Leningrad, 1951, pp. 51-62). It is Pavlov's report made 
in French at the Sorbonne, Paris, December 1925, 

The article furnishes new data of the studies of experimental 
pathology of higher nervous activity conducted in Pavlov’s labor- 
atories. The characterisation of the reactivity of cortical nerve 
cells (‘precipitate functional destructibility”) and the indication 
of the significance of inhibition in limiting the afore-mentioned 
high reactivity, which stops “further functional destruction” de- 
serves attention. p. 87 


2% The article “Inhibitory Type of Nervous System in Dogs” was 
translated from the text published in the second edition of I. P. 
Paviov’s Complete Works (Vol. Il, Book 2, Moscow and Lenin- 
grad, 1951, pp. G3-70). The article is Pavlov’s report made in 
French at the Paris Psychological Society in December, 1925. 

In this report Pavlov sets forth, for the first time, the teaching 
on types of nervous system and outlines a classification of types 
according to the predominance of either excitation or inhibition. 
Pavlov distinguishes extreme types (sanguine and melancholic) 
and a balanced type. This classification of types was subsequently 
modified. p. 100 


Reference is made to A. D. Speransky’s experiments described 
in his work “Effect of Strong Destructive Stimuli on the Dog 
with the Inhibitory Type of Nervous System” (Transactions of 
Academician Pavlov's Physiological Laboratories, Vol. I, Book 1, 
Leningrad, 1924, p. 119.) p. 108 - 


J, P. Pavlov’s article “Internal Inhibition and Sleep Are Essen- 
tially the Same Physicochemical Process” was translated from 
his lecture under the same title (Lecture 15) published in the 
“Lectures on the Work of the Cerebral Hemispheres” (1. P. Pavlov, 
Complete Works, 2nd ed, Moscow and Leningrad, 1951, Vol. IV, 
pp. 263-78). The lecture published in the present edition is a 
somewhat altered version of I. P. Pavlov’s article “Internal Inbi- 
bition of Conditioned Reflexes and Sleep Are the Same Process” 
written by Pavlov in 1922 for a book to have been published in 
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honour of A. P. Karpinsky, then President of the U.S.S.R, Academy « 
of Sciences. The book was not published and the article was 
printed in the journal Scuncdimavishes Archiv fiir Physiologie (Bd. 
LX&IV, 1923) and simultaneously in the book Twenty Years of 
Experience (I. P. Pavlov, Coniplete Works, 2nd ed., Vol. II, Book 1 

Moscow and Leningrad, 1951, pp. 373-90). : 

The principal propositions and content of the lecture and those 
of the article Twenty Years of Experience essentially coincide: 
the present edition contains the lecture published three years 
later (1926) than the article. Pavlov somewhat supplemented and 
revised the lecture. 

Pavlov’s basic proposition that “internal inhibition and sleep are 
essentially the same process” was first formulated by him some- 
what earlier in the report made to the Society of Finnish Physi- 
cians in Helsingfors, April 1922. The report was entitlec! “Normal 
Activity and General Constitution of the Cerebral Hemispheres” 
(I, P. Pavlov, Complete Works, 2nd ed., Vol, Ill, Book 1, Moscow 
and Leningrad, 1951, p. 365). 

In the lecture published in the present edition the foregoing pro- 
position was given thorough experimental substantiation. 
All-round experimentad substantiation was also given in the lecture 
to Pavlov's propositions on the “transilion of inhibition to sleep 
and vice versa”, on “replacement of inhibition with sleep” and 
on “summation of sleep and inhibition’. The lecture clearly reveals 
Pavloy’s dialectical interpretation of inhibition as “partial” sleep, 
as irradiated inhibition, and formulates the idea of the protective 
significance of inhibition and sleep. Of great interest is the fact 
that Pavlov considered this work one of his most important works 
on sleep (see I. P, Pavlov’s article “The Problem of Sleep” in the 
present edition, p. 393). p. 109 


wt], P, Pavlov’s work “Transitional Phases Between the Animal’s 
Waking and Complete Sleep (Hypnotic Phases)” was translated 
from the text of the lecture under the same title (Lecture 16) 
published in the “Lectures on the Work of the Cerebral Hemi- 
spheres” (I. P. Pavlov, Complele Works, 2nd ed., Vol. IV, Moscow 
and Leningrad, 1951, pp. 176-87). 

Using extensive experimental material the tecture sets forth the 
basic regularities observed in the transilional states from waking 
to sleep, regularities concerning the spread and depth of the 
processes of inhibition in the cerebral cortex, and data on different 
extent and intensity of sleep. The experimental data on this ques- 
tion contained in the lecture give an insight inlo Pavlov’s teaching 
on hypnosis and hypnotic phases. p. 126 


32 See the detailed description of L. N. Voskresensky’s experiments 
in the article “Some Facts about the Physiology of Sleep” written 
by I. P, Paviov jointly with L. N. Voskresensky (present edition, 
p. 53, sce also Note 18). p. 127 


34 Here Pavlov cites B. N. Bierman’s experiments described in his 
monograph “I:xperimental Sleep” (Gosizdat, 1925). 
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Pavlov approved of B. N. Bierman’s monograph “Experi 
Sleep”. In the preface to the monograph he Rohe Pie ea 
man’s present experimental work brings us much closer to the 
final solution of the problem of the physiological mechanism of 
hypnosis. Another two or three details and the physiologist will 
have at his disposal the whole mechanism which has long been 
an enigma, has been shrouded in mystery” (I. P. Pavlov, Complete 
Works, 2nd ed., Moscow and Leningrad, 1951, Vol. IV, p. 428), 

The most important conclusions drawn by B. N. Bierman from 
his experimental studies are his postulates that “hypnosis differs 
from sleep in its limited spread of the inhibitory process”, that 
hypnosis is “sleep with partial waking” and owes its existence to 
a “sentry point” in the cortex. p. 128 


31 Here Pavlov refers to {. P, Razenkov’s experiments described in 
his work “Changes in the Stimulatory Process of the Cerebral 
Cortex of the Dog Under Difficult Conditions of Work” (Russian 
Physiological Journal, 1926, Vol. IX, Book 5-6). In,this work 
Razenkov for the first time elucidated the main phasic states 
(hypnotic phases) in the cerebral hemispheres and gave their 
physiological characteristics, p, 182 


a 


Although Pavlov disagreed with certain postulates in N. Y. Vve- 
densky’s teaching on the physiological essence of inhibition, he 
highly appraised his research in this question. Pavlov recognised 
that the various phases (discovered by Vvedensky) in the process 
of transition of the peripheral nerve fibre from excitation to inhi- 
bition under the influence of strong stimuli may also take place 
in the vital activity of the nerve cells of the cerebral hemispheres. 

Pavlov very definitely expressed his point of view on this ques- 
tion as far back as 1923 in his work “Latest Achievements in the 
Objective Study of Higher Nervous Activity of Animals”. He 
wrote: “In studying these deviations in the direction of predomi- 
nance of inhibition, weakening of the process of excitation, we 
have convinced ourselves that one of the discoveries of our out- 
standing, now deceased, physiologist N. Y. Vvedensky is absolutely 
correct. Vvedensky has contributed a great deal to nervous 
physiology; he has had the good fortune of finding important 
facts, but has been for some reason insufficiently appreciated by 
the foreign press. Among other things, he is the author of the 
book Excitation, Inhibition and Narcosis in which he establishes 
changes in the nerve fibre under the influence of strong stimuli 
and distinguishes several phases. It has now developed that these 
peculiar phases are completely reproduced in the nerve cells when 
you greatly intensify the struggle between the processes of ex- 
citation and inhibition. I have no doubts that after this coincidence 
Vvedensky's works will finally be estimated at their true worth” 
(I. P. Pavlov, Complete Works, 2nd ed., Vol. IN, Book 2, Moscow 
and Leningrad, 1951, p. 28). p. 133 


3% The article “Different Types of Nervous System. Pathological 
States of the Cerebral Hemispheres as a Result of Functional 
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Influences Exerted on 'Them” was translated from the text of the 
lecture under the same title (Lecture 17) published in the “Lect. 
ures on the Work of the Cerebral Hemispheres” (I. P. Pavloy. 
Complete Works, 2nd ed., Vol. 1V, Moscow and Leningrad, 1951, 
pp. 299-316). This arlicle already distinguishes four types: two 
“extreme” (excitable and inhibitory) and two “intermediate” 
balanced iypes. However, this classification of types was subse- 
quently modified, since it did not compleicly correspond to the 
classification of Lempcraments proposed by Hippocrates by which 
Pavlov guided himsell. The same Iccture contains data on func. 
tional pathological states (“experimental neuroses”) produced by 
overstrain of the processes of excitation, inhibition, and their 
mobility. p. 147 


The article “Pathological States of the Cerebral Hemispheres as 
a Result of Functional Influences Exerted on Them” was. tran- 
slated from ihe tex! of the Jecture under the same title (Lecture 
18) published in the “Lectures on the Work of the Cerebral Hemi- 
spheres” (I. P. Pavlov, Complete Works, 2nd ed., Vol. IV, Moscow 
and Leningrad, 1951, pp, 317-35). 

This lecture, a continuation of the preceding one, further eluci- 
dates the derangements of higher nervous activity (“experimental 
neuroses”) produced by difficult tasks imposed on experimental 
animals and overstraining the hasic nervous processes in the brain 
and the mobility of these processes. p. 167 


a 


The article “Application to Man of Experimental Data Obtained 
on Animals” was translated from the text of the lecture under 
the same title (Lecture 23) published in the “Lectures on the Work 
of the Cerebral Llemispheres” . P. Pavlov, Complete Works, 2nd 
ed,, Vol. IV, Moscow and Leningrad, 1951, pp. 414-33). In this 
last Ieelure Pavlov elucidates in detail Lhe important and funda- 
mental question of the justification of applying to man the ex- 
perimental data obtained on animals, While recognising the pos- 
sibility of such application, Pavlov calls for the greatest possible 
discretion considermg the fact that it is precisely the higher ner- 
vous activily that “sharply distinguishes man from animals’, This 
lecture for the first tinie raises the question of the peculiarities 
of man’s higher nervous activily, the role of the word, speech, 
as a new physiological stimulus inherent only in man. In examin- 
ing questions of hypnosis and suggestion Pavlov determines the 
peculiaritics of Lhese phenomena in man, ‘Thus, Pavlov essentially 
for the first time expresses in this lecture his ideas on the second 
signalling system without as yel using this term. Concerning the 
teaching on neuroses, however, Pavlov sull ascribes hysteria to 
neuroses in animals and does not consider it along with psycha- 
sthenia a specially human neurosis, as he did later. p. 187 


The work “Physiological Teaching on Types of Nervous System 
or Temperaments” was translated from the text of the article 
under the same title published in the second edition of [. P. Pav- 
lov’s Complele Works (Vol. III, Book 2, Moscow and Leningrad, 
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1951, pp. 77-88). This article constitutes Pavlov’s repc 

meeting of the Pirogov Russian Surgical Society dedicated 
N, I. Pirogov’s memory on December 6, 1927. In classifying the 
types of nervous svstem in dogs Pavlov divides the * interme. 
diate” balanced type, according to the character of mobility of 
its nervous processes, into two types—the “lively” and the “inert” 
Thus he distinguishes four types which correspond to the four 
temperaments established by Hippocrates. The “excitable” type 
formerly recognised by Pavlov as corresponding to Hippocrates’ 
sanguine temperament in this work corresponds to Hippocrates’ 
choleric temperament. p. 208 


40 Nikolai Ivanovich Pirogov (1813-1881), great Russian surgeon and 
anatomist whose works laid the groundwork for the anatomo- 
experimental trend in practical surgery. Of great interest to neu- 
ropathologists and psychiatrists in his works on battlefield surgery 
is the teaching on the closed craniocerebral trauma, shellshock, 
in which he emphasised that the latter affected the entire orga- 
nism. p. 208 


4t Leonid Vasilyevich Blumenau (1862-1931), outstanding Russian 
neuropathologist, Known for his scientific contributions to the 
anatomy and physiology of the brain. Blumenau was one of the 
first clinical neuropathologists to use Pavlov’s teaching in ex- 
plaining the pathogenesis of functional diseases of the nervous 
system, hysteria in particular. Here Pavlov refers to Blumenau’s 
work Hysteria and Its Pathogenesis, Leningrad, 1926. p. 218 


42 Only part of the article “Some Problems of the Physiology of the 
Cerebral Hemispheres” is published in the present edition. Only 
the fourth part of the article devoted to classification of types 
of nervous system was translated (I. P. Pavlov, Complete Works, 
2nd ed., Vol. II, Book 2, Moscow and Leningrad, 1951, pp. 
101-05). The article as a whole constitutes the Croon Lecture 
delivered by Pavlov to the London Royal Society, May 10, 1928. 
Specialists in the different branches of natural science are an- 
nually invited from all over the world to deliver a lecture for the 
Croon Prize. This work was published in English in the Pro- 
ceedings of the Royal Society, Section B. Biological Sciences, Series 
B., Vol. 103, No. B. 721, 1928, pp. 106-10. p. 220 


43 The article “An Attempt of a Physiologist to Digress into the 
Domain of Psychiatry” was first published in the anniversary 
volume in honour of E, Gley and I, F. Heymans in the journal 
Archives Internationales de Pharmacodynamie et Therapie in 1930. 
It was also published under the same title in the booklet Physio- 
logy and Pathology of Higher Nervous Activity (Gosmedizdat, 
Leningrad and Moscow, 1930, pp. 37-45) and under the title of 
“Excursion of a Physiologist into the Field of Psychiatry” in 
the newspaper Izvestia (Izvestia of the Central Executive Com 
mittee of the U.S.S.R., No. 122 [8969] May 5, 1930). 

The article was translated from the text published in the second 
edition of I. P. Paviov’s Complete Works (Vol. Il, Book 2, Mos- 
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cow and Leningrad, 1951, pp. 126-32) and develops Pavlov’s ideas 
in regard to his physiological interpretation of schizophrenia set 
forth in his article ‘Psychiatry as an Auxiliary to the Physiology 
of the Cerebral Hemispheres” (sce p. 60 of the present edition 
and Note 15). 

In this article Pavlov thoroughly analyses a group of symptoms 
observed in schizophrenic patients: negativism, stereotypy, echo- 
lalia and cchopraxia, muscular rigidity, phenomena of hebe- 
phrenic silliness, and catatonic excitement. Pointing out that such 
symptoms also appear in healthy people during hypnosis Payloy 
postulates more definitely the conclusion already planned in his 
work “Psychiatry as an Auxiliary to the Physiology of the Cere- 
bral Hemispheres” that the “schizophrenic symptoms are an ex- 
pression of a chronic hypnolic state” and that “in certain varia- 
tions schizophrenia 1s really chronic hypnosis”. According to Pav- 
lov, this inhibition (hypnosis) is based on a “weak nervous system, 
special weakness of the cortical cells (hereditary and acquired) 
which easily become exhausted since normal stimuli are also too 
strong for such weakened cells. The exhaustion of the nerve cells 
is an impulse to the emergence of inhibition in them. But as long 
as the inhibitory process is effective the cortical cell is not deeply 
affected”. Pavlov thus formulates his teaching on the healing and 
protective role of inhibition in schizophrenic patients, This teach- 
ing proved to be a deep theoretical substantiation of the formerly 
empiric treatment of schizophrenic palients with prolonged, artifi- 
cially induced sleep. It also determmed Pavlov’s line in questions 
of organising psychiatric aid; Pavlov’s statements on these ques- 
tions are also of considerable interest. 

Pavlov demands humane treatment of mental patients and con- 
sideration of the fact that some patients regard their very com- 
mitment to the hospital as a “violation of human rights”. “Con- 
sequently,” I. P. Pavlov writes, “it is necessary as quickly and 
as timely as possible to place such mentally diseased in the posi- 
tion of patients suffering from other illnesses which do not offend 
human dignity so manifestly” (present edition, p. 31). p. 225 


“4 Pavlov’s article (written jointly wilh M. K. Petrova) “Physiology 
of the Hypnotic State of the Dog” was translated from the text 
published in the second edilion of I. P. Pavlov’s Complete Works 
(Vol. III, Book 2, Moscow and Leningrad, 1951, pp. 1383-46). This 
work was first published in 1932 (Transactions of Academician 
Paylov’s Laboralories, Vol. IV, 1932), In 1934 this article was 
published in English under the title of “A Contribution to the 
Physiology of the Hypnotic State in Dogs. Character and Personal- 
ity”, (Vol, 2, No. 3, 1934, pp. 189-200). In the Twenty Years of 
Experience it was published only in the sixth edition in 1938. The 
work offers a deep physiological analysis of hypnosis in animals, 
Some hypnotic phenomena are interpreted on the basis of cx- 
perimental data in the light of localisation and motion of hypnotic 
inhibition, phenomena of reciprocal induction and interactions of 
the cortex and subcortex. 
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The physiological analysis of hypnotic inhibition a ivi 
in the experimental dogs contained in this work aoe er ee 
siderable importance in explaining a number of phenomena ob- 
served in the psychiatric clinic, the psychopathological symptoms 
in patients with the catatonic form of schizophrenia in partic- 


ular. p. 232 
See the lecture on the “Transitional Phases Between the Animal’s 


Waking and Complete Sleep (Hypnotic Phases)” published i 
present edition (p. 126) and Note 16. eee . a 


See the article “Some Facts About the Physiology of Sleep” 
written by I. P. Pavlov jointly with L. N. Voskresensky (p. 53 in 
the present edition). The article contains a detailed description of 
the experiments with production of the hypnotic state in dogs 
determining dissociation of the motor and secretory components 
in the conditioned food reflex. p. 237 


Here Pavlov confines himself merely to a general mention of the 
“broad repiesentation” of the “internal world of the organism” 
in the cerebral cortex, a mention which serves as the basis for 
understanding the physiological mechanisms of verbal suggestion 
during hypnosis in man, as well as the possibility of influencing 
the vegetative processes in the organism, the activity of its in- 
ternal organs, by means of such suggestion and autosuggestion. 
In the studies of Academician K. M. Bykov (1886-1959), Pavlov's 
closest pupil, as well as those of Bykov’s collaborators the ques- 
tion of the relationships between the cortex and internal organs 
was very fruitfully and extensively elaborated. 

On the basis of numerous experiments K. M. Bykov and his 
collaborators have established bilateral connections between the 
cortex and the internal organs; on the one hand, it is a regulating 
influence of ihe cortex on the activity of the internal organs by 
means of a trigger and co-ordinating mechanisms, and, on the 
other hand, it is the all-round “information” of the cortex on the 
state of the internal organs by numerous signals conveyed from 
the latter 1o the cortex and the formation of interoceptive con- 
ditioned reflexes (sce K. M. Bykov, Selected Works, Vol. Ul, “The 
Cerebral Cortex and the Internal Organs’, Moscow, 1954.) 

In his work “The Problem of Sleep” published in the present 
edition (p. 393) Pavlov examines in greater detail the questions 
of the physiological mechanism of influencing the tissue proc- 
esses, metabolism and activity of the internal organs by suggestion 
and autosuggestion. In this work he also explains at great length 
the “imaginary, autosuggested pregnancy” in hysteriacs. 

Pavlov’s statements in the ‘‘Lectures on the Work of the Cere- 
bral Hemispheres” are very important for elucidating the physiolo- 
gical mechanism of verbal suggestion during hypnosis in the light 
of his teaching on the second signalling system and its interaction 
with the first signalling system. Pavlov’s following statement ts 
particularly important: : 

“Of the hypnotic phenomena in man so-called suggestion justly 
attracts special attention. How should it be understood physiolo- 
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gically? Of course, for man the word is as real a conditioned 
stimulus as all the other stimuli which man has in common with 
animals, but at the same time it is also more all-inclusive than 
any others and in this respect cannot in any way be either quan- 
litatively or qualitatively compared with the conditioned stimuli 
of animals. Owing to the entire preceding life of the adull human 
being, the word is connected with all the exiernal and internat 
stimuli reaching the cerebral hemispheres, signals them all, re- 
places them all, and can therefore evoke all the actions, reactions 
of the organism, which those stimuli condition. Thus, suggestion 
is man’s most simplified and most typical conditioned reflex (pros- 
ent cdition, p. 202). p. 240 


48 Reference is made to Pavlov’s article “Brief Outline of Higher 
Nervous Activity” written in 1932 (I. P. Pavlov, Complele Works, 
2nd_ed., Vol. III, Book 2, Moscow and Leningrad, 1951, pp, 
106-26). This article was also published in English in the American 
compilation Proceedings and Papers (New Jersey, the Psychol. 
Rev. Comp., Princeton, 1930, pp. 331-33). The article describes 
the successive spread of hypnotic inhibition in Lhe motor area 
of the cortex in a certain dog during the act of eating. In this 
article Pavlov also dwells on the importance of “supermaximal 
stimuli” in the emergence of transmarginal mhibition and forma- 
tion of phasic states in the cerebral cortex. p. 244 


“ Reference is made to V. V. Rikman’s work “Discovery of Traces 
of Stimulation of the Centres of the Defensive Reaction as an 
Analogue of Traumatic Neurosis” (Transactions of Academician 
Pavlov’s Physiological Laboratories, Vol. IV, p. 10, Leningrad, 
1932). aad p. 245 
The article “On Neuroses in Man and Animals” was (translated 
from the text published in the second edition of I, P. Pavlov’s 
Complete Works (Vol. IH, Book 2, Moscow and Leningrad, 1951, 
pp. 147-50). It is a review of the article “The Somatic Basis of 
the Neurosis” by the well-known Viennese psychiatrist Schilder 
who later lived in the U.S.A. The arlicle was published in’ the 
American Journal of Nervous and Mental Diseases, 70, 502, No- 
vember 1929. The review was published by Paviov in the Journal 
of the American Medical Association, 1932, Vol. 99, No. 13, pp. 
1012-1013 and in The Bulletin of the Batlle Greek Sanitarium and 
Hospital Clinic, 1932. In the review Pavlov criticises Schildcr for 
denying the importance physiological studies of neuroses in ani- 
mals have for understanding neuroses in man. Schilder held that 
clinical observations of the “mental mechanism’ should help to 
understand the data of experimental studies of higher nervous 
activity in animals. Pavloy’s very interesting statements in this 
article concerning the methods of studying neuroses in man also 
deserve attention. p. 247 


51 The article “Experimental Neuroses” was translated from the text 
published in the second edition of I. P. Pavlov’s Complete Works 
(Vol. Ill, Book 2, Moscow and Leningrad, 1951, pp. 189-94). The 
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article conslitules Pavlov’s report to the First J] i 

rological Congress in Bern, delivered in econ, Sone 
1931. This article was also published in the journals Deutsche 
Zeitschrift fiir Ner\ enheilkunde, 1932 Bd. 124, SS. 137-139: Useskr 
Laeg. 1932, Bd. 94, SS, 1135-1136. Of great importance in tig 
article is Pavlov’s exclusion of hysteria from the neuroses in 
animals. In his subsequent works he began to ascribe hysteria to 
specifically human neuroses. Pavlov’s proposal to divide neuras- 
thenia into two forms—hypersthenia (in the strong excitable type) 
and hyposthenia (in the weak inhibitory type)—also deserves 
attention. p. 251 


% The article “Essay on the Physiological Concept of the Sympto- 
matology of Hysleria’”’ was translated from the text published in 
the second edition of I. P. Pavlov’s Complete Works (Vol. Ill, Book 
2, Moscow and Leningrad, 1951, pp. 195-218). This work was also 
published as a separate booklet under the same title by the 
U.S.S.R. Academy of Sciences (1932) and in French in the jour- 
nal L’Encéphale, t. XXVIII, No. 4, 1933. In L’Encéphale it was 
published in an abridged form with notes of the translator 
W. Drabowitch. This entire issue of the journal was devoted to the 
clinical aspects and pathogenesis of hysteria treated from the most 
diverse points of view. It also contained an article contributed by 
G.Marinesko and M. Nicolesko on hysterical amnesia, elucidating 
the pathogenesis of this disease on the basis of the teaching on 
conditioned 1eflexes. The same article contains references to a 
number of formerly published works of G. Marinesko, O. Sager 
and A. Kreindler on hysteria in the light of Pavlov’s conceptions. 
(Revue neurologique, 1930, June 3-11, 1932.) 

The translator points out that Pavlov apparently did not know 
these works of G. Marinesko et al., in which the authors arrived 
at a conclusion closcly corresponding to the inferences made in 
Pavlov’s work, but they did not adequately consider the role of the 
weakness of the cortex in the development of hysteria, 

Pavlov attached great importance to the article ‘Essay on the 
Physiological Concept of the Symptomatology of Hysteria” and 
regarded it as a ‘dest of the extent to which the teaching on con- 
ditioned reflexes is juslified in claiming to serve as a physiological 
substantiation of mental phenomena”. 

In this article Pavlov makes a deep physiological analysis of 
all the most characteristic symptoms of hysteria, the acute hyster- 
ical reactions, as well as the hysterical traits of the personality. 
It should be noted that in this article Pavlov offers a physiological 
explanation of hysterical nosophilia, the so-called “escape into 
disease” of the hysteriacs not infrequently superficially interpreted 
as manifescation of simulation. According to Pavlov, this presum- 
ably deliberate behaviour of hysteriacs is determined by condi- 
tioned reflexes and is a case of fatal physiological relations”. In 
his concluding lecture in the “Lectures on the Work of the Cereb- 
ral Hemispheres” (see Note 38) Pavlov only outlined his concep- 
tion of the first and second signalling systems, whereas in the 
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present article he gives, for the first time, a broad definition of 
these two cortical signalling systems and describes the physiolog. 
ical peculiarities of cach. in direct connection with the teaching 
of the signalling systems Pavlov oflers, as a supplement to the 
classification of the types of nervous system in animals, a clas- 
sification of specilically human types, depending on the inter 
relations between the firs{ and second signalling systems, Using 
figurative expressions Pavlov divides people into “artists” and 
“Uhinkers” with an “imtermcediate” type between them. Tle estab. 
lishes that the artistic type with its characteristic relatively weak 
first and relatively strong second signalling system is predisposed 
to hysteria. p. 255 


Sce Nole 9 p. 261 


Tor the woiks of V. S. Galkin, A. D. Speransky’s pupil, and the 
division of sleep into “passive” and “active” see the article “The 


Problem of Sleep” (present editton, p. 393 and Note 74). p. 261 
Rukman’s experiments to which Pavlov refers were not published, 
p. 262 


The opinion that hysterical symptoms emerge only as a result of 
sugeestion was expressed by the outstanding French neuropatholo- 
gist Joseph Babinski (1857-1932) in 1907, It served as the subject 
of very heated discussions at many international congresses of 
neuropathologists and psychiatiusts (see Babinski’s work “Ilyste- 
riapitluatisme ct troubles nerveux Wordte reflexe en neurologie de 
guerre’, P. 1917 (jointly with J. Froment). p. 274 


Reference is made to Bernheim’s work “On Tlypnotic Suggestion 
and Hs Employment im the ‘Treatment of Diseases’. Odessa, 
1887-88 p. 274 


Subsequently Pavlov relinquished the point of view that the 
second signalling system must be connected with the development 
of the frontal parts of the brain and generally doubted the tegiti- 
macy of localising the signallmg systerns anatomically. p. 276 


The article “Physiolopy of Higher Nervous Activity” was trans- 
lated from the text published in the second edition of T. P. Pavlov’s 
Complete Works (Vol. If, Book 2, Moscow and Leningrad, 195], 
pp. 219-34). Uo is Pavlov’s report to the Fourteenth International 
Physiological Congress in Rome, September 2, 1932. 

This article was also published in the journal Priroda (Nature), 
1932, No. 11-12, pp. 1189-56, and in the Latest Reports on Physi- 
ology and Pathology of Higher Nervous Activily, Book 1, Lenin- 
grad, 1939, pp. 5-25. p. 282 


0 G, V. Volborth, one of Pavlov’s pupils, organiser (1921) and for 
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many years head of the Laboratory of Conditioned Reflexes at the 
Ukrainian Neuropsychiairic Institute in Kharkov, Of his scientific 
works the studies in efficiency and faligue are of the greatest 
inlerest. p. 288 


See Nute 9. p. 289 


62 See the article “The Problem of Sleep” in the iti 
(p. 393) and Note 74. : cae ee 


63 Pavlov’s theory of systematism in the work of the cerebral cortex 
and on dynamic patterns formed towards the beginning of the 
1930’s, Pavlov treated this question in great detail in huis report 
to the Tenth International Psychological Congress in Copenhagen, 
August 24, 1932, See the article “Dynamic Stereotypy of the High- 
er Part of the Brain (Complete Works, 2nd ed., Vol ITI, Book 2, 


Moscow and Leningrad, 1951, pp. 240-44), p. 293 
oi See “Essay on the Physiological Concept of the Symptomatology 
of Hysteria” (present edition, p. 255). p. 296 


85 In Pavlov’s new statement on the second signalling system quoted 
in the article, Pavlov’s indication of the importance of the second 
signalling system as the physiological basis of abstract, specially 
human, higher thinking and the definition of science as the “instru- 
ment of man’s higher orientation in the surrounding world and 
within himself”? merit attention. As in the preceding statement on 
the second signalling system (see present edition, p. 255 and 
Note 52) Pavlov still adheres to the point of view, subsequently 
relinquished hy him, that the second signalling system is anatomi- 
cally connected with the frontal parts of the brain (see Note 58). 

p. 296 

tt The article “Example of an Experimentally Produced Neurosis and 
Its Cure in a Weak Type of Nervous System” was translated from 
the text published in the second edition of I. P. Pavlov's Complete 
Works (Vol. II, Book 2, Moscow and Leningrad, 1951, pp. 235-39). 

The article contains the report made by Pavlov to the Sixth 
Scandinavian Neurological Congress in Copenhagen, August 25, 
1932. It was published in the Latest Reports on Physiology and 
Pathology of Higher Nervous Activity, Book 1, Leningrad, U.S.S.R. 
Academy of Sciences, 1933, pp. 27-32. 

The data on the treatment of neuroses with bromides and 
Pavlov's emphasis of the effectiveness of such treatment, if a prop- 
er correlation of the doses of bromides with the types of nervous 
system is ensured, deserves special attention. 

Considerable interest in the treatment of neuroses, with bro- 
mides in particular, was displayed in Paviov’s laboratories for many 
years. The first aitempts at ireating neuroses and the studies in 
experimental therapy were carried out simultaneously with the 
beginning of the research in experimental neuroses. 

Pavlov’s special attention to questions of pharmacotherapy of 
nervous and mental diseases was determined, on the one hand, 
by the fact that during a considerable period of his 
activity (1895-1900) Pavlov worked as a pharmacologist, and on 
the other hand, by the fact that with the aid of therapy he ex- 
pected to acquire so important and decisive a criterion of truth as 
practice. Pavlov wrote: “The power of our knowledge over the 
nervous system will, of course, appear to much greater advantage 
if we learn not only to injure the nervous system but also to 
restore it at will.” (Present edition, pp. 366-67.) 
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On the question of applying Pavlov’s pharmacothcrapeutic con- 
ceplions in the psychiatric clinic see L. L. Rokhlin’s article “Prin. 
ciples of Pharmacotherapy of Disarders of Higher Nervous Activity 
in Mental Patients” (Physiological Journal of the Ukrainian Acade- 
my of Sciences, 1956, Vol. 0, No. 4). p. 298 


The article “Feelines of Possession (Le: sendiments @Cemprise) and 
the Ultraparadoxical Phase” was translated from the fext pub- 
lished in the second cdilion of 1. P. Pavlov’s Complete Works (Vol, 
IU, Book 2, Moscow and Leningrad, 1951, pp. 245-50). It is Pav- 
lov’s open letter to the well known French psychologist and 
psychiatrist Pierre Janet. 

This article was published in Vrench in the Journal de Psycho- 
logie edited jointly by Pierre Janel and George Dumas in 1933 
(No. 9-10, pp. 849-54) and in Russian in the Lalest Reports on 
Physiology and Pathology of Higher Nervous Activily” (Book 2, 
Leningrad, 1933, pp. 5-11). 

The thing that deserves allention in this article is J. P. Pavlov’s 
frank appeal for collaboration between clinical psychiatrists, 
psychologists and physiologists. Pavlov wrote: “It seems that we 
should give proper consideration to our reciprocal work and co- 
operate in our research, for, after all, we are investigating the 
activity of one and the same organ (the brain—Fdtour) concerning 
which there ean hardly be any doubt now.” 

Prompted by this striving Pavlov used the data on the ulfrapara- 
doxical phase, elaborated by that time in his taboratories, for physi- 
ological interpretation of certain forms of delirium deseribed by 
P. Janet in the last part of his article “Feelings in the Delusion 
of Persecution” (“Les sentiments dans le délire de persecution’). 
This article was published by P. Janet in the Journal de Psycholo- 
gie, 1932, pp. 161 and 401. It should be noted that in the French 
literature the role of the theory of conditioned reflexes in the 
interpretation of the pathogenesis of neuroses and menial disord- 
ers had been elucidated in a number of works of French authors 
as carly as the 1920's-1930's (see Tinel, “Les réflexes conditionnels 
et les neuroses,” L’Encéphale, XX, 1928; Delmas, “Le rdle des 
ea conditionnels en psychiatrie’, L’Mneéphale, XXV, 1930, 
ctc.). 

Pavlov also considered a number of other psychopathological 
phenomena—active negativism, controlisin, ambivalence—to be 
based on the physiological mechanism of the ullraparadoxical 
hypnotic phase. During this hypnotic phase the reciprocal induc- 
tion is perverted and responses to stimuli are contrary to adequate 
reactions, The phase itself cmerpes as a result of the exhaustion 
or weakening of the corresponding cortical cells to which the par- 
ticular positive stimulus is addressed. In a munber of his works 
Pavlov developed the idea of common physiological mechanisms 
for various psychopathological phenomena. 

Pavlov ‘displayed a special interest in P. Janet and repeatedly 
mentioned him in his statements on the “Wednesdays”. On the 
“Wednesday” February 15, 1933 (Pavlovian Wednesdays Vol. 1, 
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Moscow and Leningrad, 1949, p. 287) he commen 

mentioned open lelter he had see to a oe ae 
nesday”’ February 20, 1935 he analysed two pathological cases from 
Janet's hook Leguinmg of Intellect At the same time he charac. 
terised Jancl in an inleresting manner. 

He said: “Pierre Janet is an exceptional person. He is not a 
physician bul a psychologist and, at the same time, a famous neu- 
ropathologist. He is undoubtedly an unusual, outstanding person.” 
Then he evaluated Janet as a scientist. He said: “I am waging a 
big war against Picrre Janet as a psychologist and I shall do my 
best to vanquish him. But as a neuropathologist he is interesting. 
He has collected a mass of extraordinarily interesting and im- 
portant pathological facts, I believe that as a psychologist he will 
in the end be defeated precisely by us, physiologists of higher 
nervous activily” (Pavlovian Wednesdays, Vol. IU, Moscow and 
Leningrad, 19-49, p. 95). p. 303 


The article “Attenipt at a Physiological Interpretation of Compul- 
sive Neurosis and Paranoia’ was translated from the text published 
in the second cdition of I. P. Pavlov’s Complete Works (Vol. III, 
Book 2, Moscow and Leningrad, 1951, pp. 251-66), 

It was also published in the booklet Latest Reports on Physiol- 
ogy and Pathology of Higher Nervous Activity (2nd ed., Lenin- 
grad, 1933, pp. 13-34), then in English in The Journal of Mental 
Science (1934, Vol. 80, pp. 187-97) and in French in L’Encéphale 
(1935, 30, pp. 381-93). This work is very important because it 
interprets physiologically such widespread and important psycho- 
pathological phenomena as delirium and obsession, For this purpose 
Pavlov utilised the theory of isolated pathological points and 
pathological incriness he had elaborated by that time on the basis 
of experimentally produced pathology of higher nervous activity 
in animals. On the basis of the conception of clinicians (P. Janet, 
E. Kretschmer, R. Malet) who held that obsessive ideas and deliri- 
um were closely related and could pass into each other, Pavlov 
underpinned these elements of clinica] similarity with a_ similarity 
of physiological mechanisms: “pathological inertness of the pro- 
cess of excitation in a definite, physiologically conceived, isolated, 
pathological point of the brain”. However, two reservations must 
be made here. Virstly, acknowledging the similarity Pavlov also 
sees the difference and points out “the degree of phases of the 
pathological state and certain additional features’. The critical 
attitude during obsessive states and the uncritical attitude as a 
characteristic and invariable feature of delirium are determined 
by the different extent and intensity of the negative induction around 
the pathologically inert excited point and from the physiolog- 
ical basis in cach of these psychopathological phenomena. Second. 
ly, Pavlov does not establish the afore-described physiological 
mechanism for all, but only for a certain form of delirium, namely, 
delirium of a paranoiac structure. It should be nated that, in addi. 
tion to recognising the possibility of a common physiological 
mechanism for the emergence of different psychopathological 
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phenomena, Pavlov also assumed the existence of different physi- 
ological mechanisms for the same type of psychopathological 
phenomena. This opinion is clearly illustrated in the article by a 
description of an inversion-type delirium which is based on the 
physiological mechanism of the ultraparadoxical phase. It is also 
tmporlant that the diflerent physiological mechanisms of the same 
psychopathological phenomenon may, according to Pavlov, “exist 
separalely or side by side, or alternately”. It should be noted that 
Pavlov did not reduce the phystological bases of delirium of 
different structures to the two aforesaid physiological mechanisms 
(pathological inertness and the ultraparadoxical phase). For the 
deep feeble-minded, incongruous, megalomanic delirium in patients 
with progressive paralysis he searched the physiological bases in 
the regulating role of the second signalling system. (Pavlovian 
Wednesdays, Vol. TH, Moscow and Leningrad, 1949, p.140.) p. 309 


™ Pavlov appreciated E. Kretschmer for his talent and the physiolog- 


ical trend in some of his works. At the same time he disagreed 
with a number of Kretschmier’s incorrect methodological princi- 
ples: his disregard for the qualitative differences belwcen the 
normal and the pathological, biologisation of social phenomena, 
and autogenetic constructions. Concerning Kretschmer’s book 
Bodily Structure and Character, which Pavlov had recently read, 
he said on the “Wednesday” October 23, 1935 that the book 
“nonplussed” him, that &retschmer made a mistake “by wanting 
to drive the entire human race inhabiting the carth into the frame- 
work of his two clinical types: schizophrenics and cyclothymics, 
Ot course, this is a wild stalement of the question; why should the 
types prevailing in diseases and finally getting into psychiatric 
hospitals be regarded as basic? Indeed, the majority of humanity 
has nothing ai all to do with these hospitals. Another strange 
thing is that he does not distinguish between type and character 
and this is, of course, also a flaprant mistake. 

“We now firmly believe that man has inborn qualilies and, on 
the other hand, qualities acquired in the course of life. This means 
that, if we speak of inborn qualities, we imply the type of nervous 
system, whereas, if il is a question of character, we refer to a 
mixture of inborn tendencies and drives and those instilled in him 
by the impressions he had received during his lifetime. Nercin 
lies his mistake. Ie has confused it and has not made a_ clear 
distinction between ihe inhorn type and the characteristics man 
acquires during his litelime”’ (Pavlovian Wednesdays, Vol. IL, 
Moscow and Lenmegrad, 1949, pp. 244-45), p. 321 


”® The article “General Types of Animal and Human Mligher Nerv- 
ous Activity” was translated from the text published in the second 
edition of J, P. Pavlov’s Complete Works (Vol, Ill, Book 2, Moscow 
and Leningrad, 1951, pp. 267-93). It was also published in the 
booklet Lalest Reports on Physiology and Puthology of Uigher 
Nervous Activity (8rd_ed., Moscow, 1935, pp. 5-41). 


f20 


This arlicle mosi comprehensively sums up the many years of 
research in the types of higher nervous activity conducted im 
Pavlov's laboratories. Particularly nmportant m it is Pavlov’s con- 
ception of the types ol higher nervous activity. The fact that he 
attached great importance to the conditions of life in forming the 
type of higher nervous activity deserves attention. Paviov wrote: 
“Human and animal behaviour is determined not only by congen- 
ital properties of the nervous system, but also by the influences 
to which the organism is continuously subjected during its indi- 
vidual existence; in other words, il depends on constant education 
and traning in the broadest sense of these words.” (Present 
edition, p. 327.) 

The article lists the main criteria for determining the types of 
higher nervous activity (strength, balance and mobility of the 
nervous processes), clearly describes various types and examines 
different methods ot studying them. Of considerable interest to 
psychiatrists are Pavlov’s slatements concerning the classification 
of types of people proposed by E. Kretschmer. Pointing out that 
Kretschmer’s cycloid character coincides with his strong, unbal- 
anced, “unrestrained” type (choleric temperament, according to 
Hippocrates) and the schizoid with the weak type (melancholic 
temperament, according to Hippocrates) Pavlov notes the inade- 
quacy of this classification. IIe disagrees with Kretschmer in that 
the latter, proceeding from the data of the psychiatric clinic, from 
disease to health, rather than the other way round, dogmatically 
and schematically divides all people into two types—-the schizo- 
thymic and cyclothymic. p. 325 


“t The article “ICxperimental Pathology of the Higher Nervous 
Activity” was translated from the text published in the second 
edition of I. P. Paviov’s Complete Works (Vol. III, Book 2, Mos- 
cow and Leningrad, 1951, pp. 294-314). 

It constitutes the lecture delivered by Pavlov at the Institute 
for Advanced Medical Training in Leningrad, May 10, 1934. This 
article was also published as a separate booklet in Russian, 
German, English and French (Leningrad, Biomedgiz, 1935), 
in the book Modern Problems of Theoretical Medicine (Vol. 
I, Moscow and Leningrad, 1936, pp, 46-61) and the journal Clini- 
que (1936, pp. 159-G4). 

Of interest in this article which sums up the many years of 
research in experimental pathology of higher nervous activity are 
Pavlov’s indications of the significance of this research for the 
psychiatric clinic. Pavlov writes: “To a considerable degree the 
pathological nervous states produced by us conform to the so- 
ay pens diseases in human beings.” (Present edition, 
p. 364. 

The article offers, also for the first time, a pathophysiological 
substantiation of combined therapy (bromides + caffeine) of 
nervous and mental diseases; Pavlov sees this pathophysiological 
substantiation in the fact that bromides and caffeine are “so to 
speak, two levers in the form of pharmaceutical remedies, two 
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communicators towards the two chicf apparatus, ic, towards 
the two processus of nervous activity; then hy putting into action 
and correspondingly changing the strength now of one, now of 
the other lever, we have a chance of restoring the distributed 
processes to their former place, into their proper correlations.” 
(Present edition, p. 3’73.) p. 355 


a 
we 


The article “The Conditioned Reflex” is an excerpt from the 
work under the same ttle published in the second edition of 
I, P. Pavlov’s Complete Works (Vol. I, Book 2, Moscow and 
Leningrad, 1951, pp. 335-43). 

Published in the Big Soviet Encyclopedia and the Big Medical 
Encyclopedia (BSE, Vol. 56, 1936 and BME, Vol. 33, 1936) this 
article contains an extremely concise exposition of Pavlov’s entire 
teaching on higher nervous activity. Besides, it was published in 
the U.SS.R, Physiological Journal, (Vol. XTX, Book 1, 1935, p. 
261). ‘The concluding part of the article translated in the present 
edition deals with the parts of the teaching on fhugher nervous 
activily which are directly connected with the nervous and psy- 
chiatric clinics. In the teaching on types Pavlov’s new statement 
on the interrelations of the inborn and the acquired deserves at- 
tention. 

Paviov writes: “he final, avaflable nervous activity of the 
animal is an alloy of the type traits and the changes conditioned 
by the external environment—phenotype, character.” (1. P. Pavlov, 
Complete Works, 2nd ed., Vol, Ill, Book 2, p. 334.) 

The physiological analysis of man’s emotional lite given in. this 
article is also of considerable interest. Pavlov connects man’s 
emotional lite in its positive or negative tone with the course 
(casy or difficull) of the basic nervous processes in the cerebral 
hemispheres, It should be noted thal, as regards the physiology 
of feelings, Pavlov expressed himself quite fully also in his other 
work “Dynamic Patterns of the Higher Part of the Brain’, where 
he connected the emergence of emotions with changes in the 
dynamic pattern of nervous activity. 

“T believe”, Pavlov wrote in this work, “Lhat there are sulficient 
grounds for assuming that the above-described physiological proc- 
esses in the cerebral hemispheres conform to what we use to 
designate subjectively as our seases, and in the form of their 
numerous nuances and variations due lo different combinations 
and intensities. Among these are the senses of difficully and 
facility gaiety, and fatigue, satisfaction and chagrin, joy, triumph, 
despair, etc. It scems to me that the painful senses which often 
accompany a change in the habitual mode of Jife, an interrup- 
tion of customary work, loss of close relations or friends to say 
nothing of mental crisis and collapse of beliefs, are, to a consid- 
erable degree, physiologically caused precisely by the change, 
the disiurbance of the old dynamic stereotype and the difficulty 
of claboraling a new one.” (I, P. Pavlov, Complete Works, 2nd 
ed., Vol. U1, Book 2, Moscow and Leningrad, 1951, pp. 243-44.) 

In this article Pavlov very concisely and clearly sums up all his 
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formerly expressed ideas regarding the physiological interpreta. 
tio of the different, most important psyckopathological pheno- 
mena and mental discasgs. He offers one more definition of the 
second signalling system (present edition, p. 378). p. 378 


The article “Fypes of Higher Nervous Activity, Their Relation. 
ship to Neuroses and Psychoses, and the Physiological Mechanism 
of Neurotic and Psychotic Symptoms” was translated from the 
text published in the second edition of 1. P. Pavlov’s Complete 
Works (Vol. IU, Book 2, Moscow and Leningrad, 1951, pp. 344. 
49), If contains the report made by Pavlov to a special con- 
ference arranged during the Second International Neurological 
Congress in London, July 30, 1935, The report was published in 
abbreviated forni in the journal Revue ,neurologique, Vol. 64, 
No. 4, October, 1935, p. 6383. 

The new and most complete characterisation of the second sig- 
nalling system deserves Lhe principal attention in this article. In 
connection with this characterisation Pavlov again sets forth his 
teaching on specifically human types and on specifically human 
neuroses. Pavlov’s clinical and pathophysiological characterisa- 
tion of the basic forms of neuroses—neurasthenia, hysteria and 
psychasthenia—-in (his article is particularly clear and expressive. 
Although in his carher works Paviov had already mentioned 
pathological jabiily of the basic nervous processes, in addition 
to pathological inertness, in this article the question of path- 
ological lability is most fully elucidated. p. 387 


™% The article “The Problem of Sleep” was translated from the text 
published im the second-edition of I. P. Pavlov’s Complete Works 
(Vol, I, Book 2, Moscow and Leningrad, 1951, pp. 409-27), This 
article is a shorthand record of Pavlov’s report to the Conference 
of Neuropathologists and Psychiatrists of Leningrad in December 
1935. It was first published in the first edition of LP. Pavlov's 
Complete Works (Leningrad, 1940, Vol. I, p. 410). In his recollec- 
tions N. Krasnozorsky mentions thal Pavlovgtold him two weeks 
before his death that he planned to write a book on sleep (see 
preface to N. I, Krasnogorsky’s book Development of the Physio- 
logical Aclivily of the Brain, in Children, Moscow, 1939). 

“The Problem of Sleep” is Paviov’s last work on sleep in which 
he summed up all his preceding statements on this subject. Of 
considerable interest in this work is the direct indication of the 
importance Pavlov attached to physiological investigations of 
sleep, his own investigations in particular. New and important in 
this work is also the emphasis he laid on the cortical regulation 
of sleep and his classical formulation of the role of the cortex in 
the vital activily of the organism in general: ‘The higher part 
controls all the phenomena which develop in the organism” 
(present edition, p. 394). . ; 

Pavlov’s report and his answers to the questions put to him 
cover the very broad problem of sleep and reiated phenomena. The 
report contains a number of important statements on the physio- 
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logical mechanism of sleep, hypnosis and dreams, the physiolog- 
ical mechanism of verbal suggestion, conditions of sleep, so-called 
“passive” sleep, etc. Pavlov criticises,in his report the so-called 
“theory of the subcortical centre of sleep” and at the same time 
exhaustively explains in the light of his teaching the facts which 
formed the basis of this theory. According to the report, Paviloy 
no longer supports the proposition that sleep is irradiation only 
of internal inhibition, but holds that the initial moment in the 
emergence of sleep may be the process of inhibition of a most 
diverse character in the cortex. This coincides with F. P. Maiorov’s 
statement that in a conversation with him on the question of 
classifying inhibitions in 1935 Pavlov noted that “hypnotic inhi- 
bition may be of either one or the other origin, i. ¢., it may develop 
from either “conditioned” or “unconditioned” inhibition (EF. Pp, 
Maiorov, [Hislory of the Teaching on Condilioned Reflexes, Mos- 
cow, 1954, p. 296). p. 393 
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— governing the activity of 
cerebral hemispheres, 256, 
285 

— of concentration of the pro- 
cesses of excitalion and 
inhibilion, 256 

— af coupling, 88, 97 

— of induction see Induction 

— of irradiation of the pro- 
cesses of excitation and 
inhibition, 256, 292 

— of maximum, 291, 306 

— of summation, 291 

Lethargy, 266 

Living being 


538 


— — gencral characteristic of, 
208 

— — its ability of adaptation, 
209 

— — specific activity of, 208 


M 
Mentalily, higher, specially 
human, 297 
Movements 


— abortive, 234 

— stercotypic, during — schiz- 
ophrenia, 225 

— volitional, 292 

— voluntary, 292 


N 


Narcolepsy, 390 

Negativism, 233 

— nogative, 233, 234, 244 

— phases of, 233, 244 

— physiological mechanism of, 
243, 307 

— — positive, 233, 234, 244 

Nervous aclivily, 

— — basie processes of, 357 

— — central, 386 

— circularity in, 385 

— higher, 188, 240, 285 

— -—- and stereotypic ner- 

vous activity, 239 

— — — pathological state of, 
361 

— — — physiology of, 256, 

262, 282 

— lower, 285 

— normal, 379 

— — disturbance of, 74 

— stereotypic, 239 

Nervous processes 

— -— basic properties of, 357 

— — concentration of, 65, 262 

— — during hysteria, 278 

—- — equilibrium of, 325, 326, 
339, 387 
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PAS 


— — lability of, 348 - 

— — mobility of, 325, 326, 
332, 339, 345, 349, 387 

— — — changes in, 350 

—_ — — decline of, in old 
age, 349 

— —- methods causing their 
pathology, 358 

— — strength of, 325, 326, 
330, 339, 387 

Nervous system 

— — adaptation of, 213 

— — central, 223 

— — functional changes in, 
94 

— its plasticity, 224, 327 

— — plasticity of, 327 

— — state of, under hypnosis, 
204 

— —— chronic pathological, 
154 

_. —- test of adaptation of, 
213 

— — — of strength, 213 

— — weakened, 194 

Neurasthenia, 191, 217, 381 

— as a pathological form in- 
herent in the feeble-general 
and intermediate human 
type, 389 

— forms of, 381 

— in dogs, 214, 254 

Neuroses, 214, 221, 247, 249 

— compulsive, 309, 315, 319, 
320, 385, 386 

— experimental, 72, 165-166, 
249, 251, 298, 316 

— — after castration, 363 

— human, 94, 365, 389 

— of types of nervous system, 
significance in, 249, 251, 380, 
389 

— iraumatic, 381 

— treatment of, 195-197, 214, 
252, 295, 298, 369, 380 

— with predominance of exci- 
tation, 214 

— — — of inhibition, 214 


0 


Objectification of an internal 
cerebral process, 372 

Old age, 

— — diminishing reactivity of 
the brain in, 201 

Organism and its environment, 
32, 37, 62, 89, 209, 210, 262, 
276, 285 

— its external and internal 
equilibrium, 16 

Overstrain 

— of the excitatory process, 
Sty 313, 318 

— of the inhbito TOCESS, 
302 ie 


P 


Pain 

— cortical, 372 

— mental, 372 

Paralysis 

— functional, 272 

— progressive, 66 

Paranoia, 309, 315, 316, 319, 
321, 375, 385, 386, 391 

— of types of nervous system, 
significance in, 320 

Paranoia, pathological imert- 
ness in, 315, 320 

Paitern(s), dynamic, 293 

— of higher nervous activity, 
142 

Pavlov’s advice concerning the 
treatment of the mentally 
ill, 231 

Perseveration, 314, 385 

Phases 

— equalisation, 83, 91, 97, 
134, 136, 172, 174, 181, 260, 
289, 305, 359 

— hypnotic, 93, 104, 126, 198, 
226 

— intermediate, between wake- 
fulness and sleep, 90, 91, 
93, 103, 126, 198, 226 

— in the activity of the cells 
of the cerebral cortex, 98 

— narcotic, 141, 202 
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— of complete inhibition, 83, 
173, 174 

— of pathological inertness, 
321 

— of sleep, 64, 145 

— paradoxical, 83, 91, 92, 93, 
94, 97, 106, 133, 136, 137, 
138, 172, 174, 203, 243, 260, 
272, 289, 305, 313, 359, 384 

— — during hysteria, 278 

— ultra-paradoxical, 138, 164, 
183, 260, 289, 303, 305, 307, 
313, 323, 359, 386 

——-— during delusion, 323, 
376 

Phobias, 107, 206 

— of depth, 392 

Physiology 

— connection hetween  psy- 
chology and, 297 

— of hypnosis, 239 

— of the higher nervous activ- 
ily, 256, 262, 282 

Points, 

— isolated, pathological, — of 
the cerebral cortex, 314, 370, 
371, 384 


— eo during — hystc- 
ria, 278 

oe eee - during com- 
pulsive neurosis, 375 

— ee during = para- 


noia, 375 

—- on duly (or on guard), 84, 
410 

Pregnancy, phantom, 240, 273, 


Psychasthenia, 365, 390 

— mechanisms of, 391 

— weakness of the first signal- 
ling system during, 390 

Psychology, its connection with 
physiology, 297 

Psychopathology, 
tal, 28 

Psychoses, 189, 381 

— endogenous, 218 

— hysterical, 278 

— manic-depressive, 353, 385, 
389 

Puerilism, hysterical, 278 
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experimen- 


7 R 

Reaction(s), motor, 24 

—~ — food, 235 

— of the cercbral hemispheres 
to conditioned stimuli, 143 

— psychical, 17 

—- secretory, 24 

Reaclivily of the brain, diminu- 
lion of, in old age, 201 

Reflexes, 12, 84, 206 

— active, 32 

— auto-curative, 236, 245 

— conditioned, 20, 26, 46, 63, 
72, 88, 94, 188, 210, 255, 257, 
283, 356, 378 

— difference between uncon. 
ditioned and conditioned, 88 

— disappearance of, 47 

equilibrating, 62, 66 

food, 87, 94, 210, 223, 24] 

idea of, 87 

imitative, during hypnosis, 

inborn, 209, 210 

inhibitory, 179, 288 

initial inhibitory, 288 

interrelation between sec. 

retory and motor, 55, 56, 57 

investigating, 115, 118, 161, 


‘ 


PEEG ddd 


— mechanism of, 88 

of caution, 179, 330 

of time, 310 

orionting, 292, 

panic, 330 

passive, 32 

— passive-defensive, 178, 198, 

204 

self-protecting, 70 

signalling, 210 

sleep, 31-84 

social, 108 

spinal, 66 

study of, 210 

summation, 257, 286 

temporary, 209 

—- tonic, 62 

~—- trace, 35 

— unconditioned, 20, 26, 87, 
210, 223, 284 

-—~ -— centres of, 223 


flit 


Pita Ed 


— variable, 209 

Reflex, conditioned 

— — biological 
of, 88 

— — conditions for the for- 
mation of, 284 

— — delayed, 290 

— — effect of hunger on, 99 

— — external phases of, 290- 
291 

— — food, 75-77 

-—— — formation of, 46, 89 

— — inhibitory, 89, 94 

~— — inhibitors of, 33 

— — method of, 99, 226, 255 

— — negative, 89, 167, 188, 
211, 362 

— — place of origin of, 256 

— — positive, 89, 167, 188, 
211, 362 

— — — formation of, in dogs, 
220 

— — reinforcement of, 47 

— -— step-by-step decline of, 
140 

— — theory of, 256 

— — thermal, 49, 112 

—— — to sound, 64, 112 

Relations 

— between different kinds of 
inhibition, 259 

— between the conscious and 
the unconscious, 206 

— between excitation and in- 
hibition, 72, 73, 74, 80, 268 

— disturbances in, 214 

~— “psychic”, 209 


significance 
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Schizophrenia, 218, 225, 383, 
389 

— apathy, 225 

—— as a chronic hypnosis, 230 

— catatonic form of, 314, 383 

— exhaustion of the nervous 
system, 230 

— functional disease of corti- 
cal cells in, 231 


— perseveration in, 314 

— protective role of inhibition 
in, 230 

— stereotypy in, 314 

—~_ symptoms of, 227, 228, 229, 
230 

— torpor in, 225 

— weakness of cortical cells 
during, 230 

Schizothymiucs, 352-53 

Senses 

-— categories of, 294 

— negative, 294 

— positive, 294 

Separate cortical elements, in- 
dividual peculiarities of, 68 

Signals 

— first, of reality, 296 

— of the second order, 388 

— second set of, 296 

Signalling system 

— — first, 276, 296, 3°78, 310 

— — in hysteria, 390 

-—- — in psychastheniacs, 390 

—— second, 276, 296, 378, 
388, 310 

Sleep, 31, 34, 44, 47, 48, 51, 
Me 53, 98, 124, 226, 260, 289, 

2 


— accompanied by 
wakefulness, 84 

— active, 260, 402 
— after extirpation of the 
cerebral Hemapneres) 403, 
405 


Sleep 

— alternation between wak- 
ing and, 125 

— alternation of activity and, 
125 

— as a result of diminished 
sum of stimulations, 44, 45, 
46 

— as a result of inhibition of 
the investigating reflex, 116 

— as an inhibitory process, 59, 
90, 109, 110, 397, 400, 402 

— centre of, 261, 404, 407, 408 

— chemical causes of, 32 

— continuous, 194, 230 


partial 


54 


— development of, in acous- 
tic conditioned reflexes, 112 

—— in thermal conditioned 
reflexes, 112 

— deep, 56 

— deep and chronic, 290 

— effect of short, strong stim- 
uli on, 130 

— effect of weak, long-contin- 
ued general stimulation on, 
130 

— encephalhtic, 404 

— hypnotic, 48 

— identity with inhibition, 123 

— influence of surroundings 
on, 37, 38, 48, 54, 5G, 57, 58, 
63, 119 

— intensity of, 131 

— interchange of wakefulness 
and, 412 

— normal, 93, 289 

— occurrence of fits during, 
All 

— overcoming, 51 

— partial, 112 

— passive, 260, 402 

— phases of, 63, 64, 113 

— transitional, between wak- 
ing state and, 90, 91, 103, 
J26, 198, 226 

— reflex, 408 

— replacement of inhibition 
with, 121 

— significance of continued or 
repealed stimulation for, 
124 

— significance of the dura- 
tion of condilioned stimula- 
tion for, 112 

-— standing, 93, 194 

— struggle against, 112 

— with points on guard, 84 

Sleepiness, 32, 122 

So-called psychical phenomena, 
psychological explanation of, 
255 

Speech, 277, 296 

State 

— cataleptic, 61, 62, 66, 93, 
127, 130 

— waking, 44 
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— — internal inhibition as 
ie most important factor of, 

Stereotype, dynamic, 293, 294 

Stereolypy, 314, 885, 391 

Stimulation, 35 

— mechanical, of the skin, 35, 
49 

— reflex, 32 

— thermal, 31, 34, 49 

Stimulus(t) 

—- absolute energy of, 91 

7c en gneN isolated, 105, 

1 

— conditioned, 135, 142 

— — distortion of the action 
of, 80 

— — negative and positive, 113 

— effect of the sum of, 22 

— external, which act as direct 
inhibitors of the cortical 
cells, 178 

— inhibilory, 288 

— mechanical, of the skin, 49, 
120 

— negative, 118, 137 

— positive, 113, 137 

— strong, the action of, 178, 
182, 185 

—— — as the cause of nervous 
and mental diseases in man, 
190 

— variety of, and their influ- 
ence on the onset of sleep, 
51 

— weak, 178, 188 

Slupor, 66, 71 

Subcorlex, 

— influence of the state of 
cerebral hemispheres on, 266 

— predominance of, during 
hysteria, 278 

Suggestion, 48, 202, 203, 268 

— hypnotic, 84, 268, 394 

Sum of the stimuli, 22 

Summation, the law of, 291 

Symploms, pathological, Lheir 
‘causes, 67 

— schizophrenic, 228, 229, 230 

Synthesis, 206, 262, 284, 285 

— higher, 223 


T 


Temperament(s), 208, 216, 222, 


294, 339, 352, 387, 388 


— choleric, 216, 217, 218, 222, 


263, 339, 388 
— classification of, 
222 


— dependence of, on the prop- 
erty of the cerebral hem- 


spheres, 223 


~— melancholic, 107, 216, 218, 


222, 388 
— normal, 216 
— ‘pathological, 216 


— phlegmatic, 216, 217, 222, 
263, 294, 340, 354, 360, 388 
— sanguine, 107, 216, 217, 222, 


263, 294, 340, 354, 388 


Thinking, concrete, elementary, 


285 


Thrombosis and haemorrhage 
in the cerebral hemispheres, 


G6 
Timidity, 107, 205 
Tone 
— latent, 286 


— of the cerebral cortex, 406 


— — — in hypnosis, 268 
Torpor in schizophrenia, 225 


Transitional states, from exci- 
tation to inhibition, 79, 83, 


134 


Type(s) of nervous 


330, 351, 352, 379, 387, 389 


107, 216, 


system, 
41, 49-50, 96, 100, 106, 147,- 
148, 151, 152, 157, 164, 173, 
174, 208, 213, 214, 216, 217, 
218, 220, 221, 222-224, 251, 
252, 262, 281, 293-295, 298, 


— — — and hysteria, 389-3909 


——~ — and neurasthema, 
389-390 

—~ — — and _ psychasthenia, 
389-390 ae 

——--— as subjects of neu- 


roses, 263, 295 

— — — classification of, 252 

— — — — according to Kret- 
schmer, 353 

— — — human, 216-217, 275, 
276, 352, 381, 388, 389, 

— — — main, 220, 252, 352, 
388 

— — — perfect, 332, 334 

—-—— effect of castration 
on, 252 

Type of higher nervous actiy- 
ity, 142 

— — — — definition of, 327 

— — — — part played by, in 
the genesis of nervous and 
mental diseases, 387 


U 


Urethan, 62, 140 


w 


Wakefulness 

— interchange of sleep and, 
412 

— partial, 84, 188 

Word, significance of, for man, 
202, 378, 388 
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